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Abstract
We present a detailed timing analysis of the bright black hole X-ray binary MAXI J1820+070 (ASASSN-
18ey), during its first detected outburst lasting fromMarch 2018 until October 2019 based on Swift/XRT window
timing mode observations, corresponding UVOT data and NICER observations. The light curves clearly show
four outbursts, with the source remaining in the hard state during its first outburst, while the rise of the second
outburst corresponds with the transition to the soft state. A similar double outburst of GX339-4 has been
observed in 2004. Here it is followed by two hard-state only outbursts. In many observations the power density
spectra showed type-C quasi-periodic oscillations with characteristic frequencies below 1 Hz, which suggests
that the source stayed in a state of low effective accretion for large parts of its outburst. The absence of other
types of quasi-periodic oscillations hinders a precise determination of the state transitions, but from combining
NICER and Swift/XRT data, we find that MAXI J1820+070 went from the hard-intermediate to the soft state
in less than one day. The covariance ratios derived from NICER data show an increase towards lower energies,
which indicate that the source should make a transition to the soft state. This transition finally took place, after
MAXI J1820+070 stayed in the hard state at rather constant luminosity for about 116 days. The steepness of
the increase of the covariance ratios is not correlated with the amount of rms variability and it does not show a
monotonic evolution along the outburst.
Keywords: X-rays: binaries – X-rays: individual: MAXI J1820+070 – binaries: close – stars: black hole
1. INTRODUCTION
Almost all low-mass black hole X-ray binaries (BHBs)
are transient sources, which means that they show out-
bursts, which typically last from weeks to months.
During their outbursts they evolve through different
states (McClintock & Remillard 2006; Belloni 2010).
Using hardness intensity diagram (HID; Homan et al.
2001; Belloni et al. 2005; Homan & Belloni 2005;
Gierlin´ski & Newton 2006; McClintock & Remillard 2006;
Fender et al. 2009; Belloni 2010; Belloni et al. 2011), hard-
ness root-mean square (rms) diagram (HRD; Belloni et al.
2005) and rms intensity diagram (RID; Mun˜oz-Darias et al.
2011) the evolution during the outbursts can be studied. At
the beginning and end of an outburst the BHBs are found
in the low-hard state (LHS). In this state an rms of several
tens of per cent is observed and the emission is dominated
by thermal Comptonization in a hot, geometrically thick,
optically thin plasma located in the vicinity of the black hole,
where softer seed photons coming from an accretion disk are
up-Comptonized (see Done et al. 2007; Gilfanov 2010, for
hstiele@mx.nthu.edu.tw
reviews). Many BHBs show transitions to the high-soft state
(HSS), in which the variability is much lower (fractional
rms ∼1 per cent, e.g. Belloni et al. 2005) and in which the
spectrum is clearly dominated by an optically thick, geomet-
rically thin accretion disk (Shakura & Sunyaev 1973).
It is thought that the transitions reflect major changes in
the properties of the inner accretion flow (e. g. Done et al.
2007). A geometrically thin, optically thick accretion disk
with an inner truncation radius varying as a function of the
accretion rate can explain the different states and transi-
tions between them (e. g. Esin et al. 1997, 2001). While
there is observational evidence that during the HSS the ac-
cretion disk extends down to the innermost stable circular
orbit (ISCO; Gierlin´ski & Done 2004; Steiner et al. 2010),
the extension of the accretion disk in the LHS is still a
matter of ongoing debate. Different observational studies
give different estimates of how close the disk comes to the
black hole in this state (e. g. Miller et al. 2006; Petrucci et al.
2014; Done & Diaz Trigo 2010; Kolehmainen et al. 2014;
Plant et al. 2015). The truncated disk model assumes that the
disk recedes in the LHS and that the inner parts are filled by
a radiatively inefficient, optically thin, advection-dominated
accretion flow (e. g. Narayan & Yi 1995; Esin et al. 1997).
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Not all Galactic BHBs make the transition to the soft state
and ∼ 40% of them remain in the hard state during the en-
tire outburst (Tetarenko et al. 2016). This type of outburst
has been dubbed “failed” outburst (Capitanio et al. 2009;
Stiele & Yu 2016). The physical reason why some outbursts
remain in the hard state, while other make it to the soft
state, is a topic of ongoing research. Failed outbursts tend
to have lower peak luminosities (. 0.11Ledd) and they seem
to occur more commonly in shorter orbital period systems
(Tetarenko et al. 2016; Shahbaz et al. 2013). They might be
connected to a premature decrease of the mass accretion rate
(Capitanio et al. 2009) .
The different states also show different features in power
density spectra (PDS; Belloni & Stella 2014). In a large
number of sources type-C quasi-periodic oscillations (QPOs)
(Wijnands & van der Klis 1999; Motta et al. 2011, and ref-
erences therein) have been observed in the LHS and hard
intermediate state (HIMS; McClintock & Remillard 2006;
Belloni 2010). These oscillations have centroid frequen-
cies ranging from 0.01 to 30 Hz, and their quality factor
(Q = ν0/(2∆), where ν0 is the centroid frequency, and∆ is the
half width at half maximum) is & 10 (see e. g. Casella et al.
2005; Rao et al. 2010). Often they appear with one or two
overtones and at times with a sub-harmonic. The PDS al-
ways show band limited noise and the characteristic fre-
quency of the QPO is anti-correlated with the total broad-
band fractional rms variability. These oscillations are thought
to be caused by Lense-Thirring precession of a radially ex-
tended region of the hot inner flow (Stella & Vietri 1998;
Ingram et al. 2009). The presence of type-B QPOs together
with a weaker power-law noise defines the soft intermediate
state (SIMS). Type-B QPOs have centroid frequencies of 0.8
– 6.4 Hz, Q > 6, have a 5 – 10% fractional rms and appear of-
ten together with an overtone and a sub-harmonic. The third
type of QPOs are type-A QPOs. They have centroid frequen-
cies of 6.5 – 8 Hz, are broad (Q ∼ 1−3) and weak (fractional
rms < 5%). The three QPO types are well separated as a
function of the total integrated fractional rms in the power
density spectrum.
In this paper, we present a comprehensive study of
the temporal variability properties of the X-ray transient
MAXI J1820+070 observed during four outbursts between
March 2018 and October 2019. On March 11, 2018
MAXI/GSC (Kawamuro et al. 2018) detected a bright un-
catalogued hard X-ray transient. About half a day later
the source was detected by Swift/BAT (Kennea et al. 2018).
Based on follow-up observations in the radio, optical and X-
ray band the source has been classified as a black hole X-
ray binary candidate (Baglio et al. 2018; Bright et al. 2018).
State transitions and the detection of quasi-periodic oscil-
lations (QPOs) have been reported (Homan et al. 2018a;
Buisson et al. 2018; Homan et al. 2018b). Kara et al. (2019)
found thermal reverberation lags that are shorter than those
previously observed from black hole X-ray binaries. While
the timescale of the reverberation lags shows some evolu-
tion, the shape of the broadened iron K emission line re-
mains rather constant. These findings suggest that there is
not much evolution in the truncation radius of the inner disk
during the luminous hard state. A detailed analysis of the
spectral properties of MAXI J1820+070 during this outburst
based on MAXI/GSC and Swift/BAT data has been reported
(Shidatsu et al. 2019). The results of a spectral study based
on Swift/XRT and NuSTAR data taken a few days after the
detection of the outburst have been presented (Bharali et al.
2019). X-ray spectra and a light curve based on XMM-
Newton data obtained during outburst rise are presented in
Kajava et al. (2019). The light curve shows pronounced dip-
ping intervals. In the same study the UV/X-ray cross corre-
lation function was investigated. A detailed optical spectro-
scopic follow-up study of the optical counterpart ASASSN-
18ey detected clear accretion disk wind features in the hard
state (Mun˜oz-Darias et al. 2019). Here, we investigate the
timing properties of MAXI J1820+070 using Neil Gehrels
Swift Observatory/XRT and UVOT and NICER (Neutron star
Interior Composition Explorer) data. More details on the data
used and on the data analysis are given in Sect. 2. We present
our results in Sect. 3 and discuss them in Sect. 4.
2. OBSERVATION AND DATA ANALYSIS
2.1. Neil Gehrels Swift Observatory
2.1.1. XRT
All Swift/XRT (Burrows et al. 2005) monitoring data of
MAXI J1820+070 obtained in window timing mode be-
tween 2018 March 11th and 2019 September 28th are anal-
ysed in this study. To obtain power density spectra (PDS)
in the 0.3 – 10 keV energy band, we make use of the
GHATS package (v. 1.1.1), developed under the IDL environ-
ment at INAF-OAB 1. We follow the procedure outlined in
Belloni et al. (2006), subtracting the contribution due to Pois-
sonian noise (Zhang et al. 1995), normalising the PDS ac-
cording to Leahy et al. (1983) and converting to square frac-
tional rms (Belloni & Hasinger 1990). We did not include
any corrections of the PDS due to background photons. We
determine the contribution due to Poissonian noise by fitting
the flat tail of the PDS at the high-frequency end with a con-
stant. This allows us to take into account deviation from the
expected value of 2, that are caused by pile-up effects in the
Swift/XRT data (Kalamkar et al. 2013). To fit the PDS within
isis (v. 1.6.2; Houck & Denicola 2000) we use zero-centered
Lorentzians for band-limited noise (BLN) components, and
Lorentzians for QPOs.
1 http://www.brera.inaf.it/utenti/belloni/GHATS Package/Home.html
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2.1.2. UVOT
For all Swift/XRT monitoring observations we also anal-
ysed the UVOT data (Roming et al. 2005). This data have
been pre-processed at the Swift Data Centre (Breeveld et al.
2010) with the current HEAsoft version and current calibra-
tion files and we use the HEAsoft task uvotproduct to ob-
tain magnitudes from the images in the different bands avail-
able for each observation. As source position we used R.A.
= 18h20m21.s9, dec. = +07◦11′07.′′3 (Tucker et al. 2018) with
an extraction radius of five arc-seconds. A nearby source free
region was used to define a background region with a radius
of ten arc-seconds.
2.2. NICER
NICER (Gendreau et al. 2012) observedMAXI J1820+070
between 2018March 12th and 2018 July 5th, where observa-
tions with an exposure of less than 1 ks have been excluded
from our study. NICER resumed observing this source on
2018 September 25th and followed it until 2019 October
25th. (All NICER observations taken between 2018 July
6th and 2018 September 24th ares given with an exposure
of zero seconds in the HEADAS data base.) We use the
pre-processed event files provided by the NICER data center.
These files are produced using the current HEAsoft version
and current calibration files. We derive Poissonian noise
subtracted, Leahy normalised and to square fractional rms
converted PDS using HEAsoft (v. 6.23) tasks.
3. RESULTS
3.1. Diagnostic diagrams
Based on Swift/XRT data we determined source count rates
in three energy bands using the online data analysis tools pro-
vided by the Leicester Swift data centre2 (which used HEA-
soft v.6.22), including single pixel events only: total (0.3 – 10
keV), soft (0.3 – 3 keV), and hard (3 – 10 keV). We also de-
rived NICER count rates in the 0.5 – 10 keV, 0.5 – 2 keV and
2 – 10 keV bands. The Swift/XRT and NICER light curves
and time evolution of the hardness ratio (HR) and the frac-
tional rms are shown in Fig. 1. To obtain HRs we divide
the count rate observed in the hard band by the one obtained
in the soft band. For Swift/XRT the fractional rms is deter-
mined in the 0.3 – 10 keV band and in the 4 × 10−3 – 35.13
Hz frequency range, while for NICERwe use the total energy
band (0.0 – 15.01 keV) and the 6.1× 10−3 – 50 Hz frequency
range. The hardness-intensity diagram (HID) and hardness-
rms diagram (HRD) are shown in Fig. 2, while Fig. 3 is the
rms-intensity diagram (RID).
The light curves show a steep rise lasting for about 15 days,
before a plateau at a rather constant count rate of about 103
2 http://www.swift.ac.uk/user objects/
(104) cts/s for Swift/XRT (NICER) is reached. This plateau
lasts for about 55 days, before the count rate starts to de-
crease slowly, as can be seen from the NICER light curve,
which provides a better coverage during this part of the out-
burst. After another 30 days the evolution of the light curves
reverses and the count rate starts rising again for about 15
days before a second, slowly decaying plateau at a higher
count rate of 3 − 4× 103 cts/s for Swift/XRT is reached. This
second plateau lasts for about 73 days. When the count rate
drops to values comparable to the highest values observed
during outburst rise (around day 10) the decay of the light
curve steepens significantly. The NICER and Swift/XRT mo-
toring end after 255.8 and 252.2 days, respectively. 78.2
days after the last NICER observation NICER resumed ob-
serving MAXI J1820+070. About 37 days after the begin-
ning of these observations MAXI J1820+070 shows another
outburst that stays below the count rate at which the source
was detected originally. The rise is again rather steep and
it is directly followed by a decay similar to the one seen at
the end of the first plateau. The long-term MAXI/GSC light
curve shows that the count rate between the second and third
outburst is similar to the pre-detection level. About 64.62
days after the last observation of the third outburst NICER
resumed observing MAXI J1820+070 and covered another
outburst that reaches a similar count rate and has a similar
shape as the third outburst.
The HID shows that the source softens during outburst rise
and that the softening continues during the first plateau seen
in the light curve until an HR of 0.15 (0.17) for Swift/XRT
(NICER) is reached. The decrease in count rate takes place at
a slightly higher HR of 0.17 (0.18–0.19). The second plateau
has softer HRs, where most observations have an HR< 0.1.
The softest HR is obtained at the end of the second plateau.
During the steep decay MAXI J1820+070 hardens. Below
NICER count rates of 200 cts/s the HR decreases slightly
from 0.26 to 0.24 with decreasing count rate, before it hard-
ens significantly at NICER count rates < 30 cts/s and softens
again at < 20 cts/s. In observations taken before the third
outburst at a NICER count rate < 5 cts/s the source has HR
between 0.4 and 0.9. The HRs observed during the third out-
burst are a little bit harder than the HRs observed towards the
end of the second outburst, but softer than the HR at the be-
ginning of the first outburst. Anyway, the source remained
in the hard state during its third outburst. The HRs observed
during the fourth outburst lie in a similar range as those ob-
served during the third outburst, so this outburst remained
again in the hard state.
From the HRD we see that the softening during outburst
rise and first plateau correlates with a decrease in the frac-
tional rms to about 15% (in Swift/XRT data), and that the de-
crease in count rate takes place at higher rms values around
20%. In the second plateau the fractional rms dropped sig-
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Figure 1. Light curves and time evolution of the hardness ratio and the fractional rms (from top to bottom) of the four outbursts of
MAXI J1820+070 between March 2018 and October 2019 based on Swift/XRT and NICER data. Each data point represents one observa-
tion. Observations of the four outbursts are indicated by different colours. The first two outbursts are displayed in the left hand panels, while
the third and fourth outbursts are shown in the right hand panels. Please notice the change on the scales of the y-axis for corresponding panels.
Observations in which a type-C QPO has been detected are marked by (green) triangles. In case of NICER observations filled triangles indicate
QPOs detected at ≥ 3σ, while open triangles indicate QPOs with a detection significance below 3σ. T=0 corresponds to March 11th 2018
00:00:00.000 UTC.
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Figure 2. Hardness-intensity diagram (HID; upper panel) and hardness-rms diagram (HRD; lower panel), derived using Swift/XRT data (left
panels). In case of NICER data (right panels) the upper two panels are the HID, where the lower one shows a higher HR range. These
observations are not shown in the HRD (lower three panels; before the soft state, after the soft state, third and fourth outburst from top to
bottom) as their rms values are not constrained, due to their low count rates. Filled and open down-pointing triangles indicate observations with
a QPO detected above or below 3σ, respectively. Open squares indicate observations of the third outburst (after day 330), open up-pointing
triangles observations of the fourth outburst (after day 500). The star marks the first observation. Observations of the three outbursts are
indicated by different colours, following the colour scheme of Fig. 1. Each data point represents one observation.
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Figure 3. rms-intensity diagram, derived using Swift/XRT (upper
panel) and NICER (lower two panels) data. While the middle panel
uses linear axes, logarithmic axes are used in the bottom panel. Each
data point represents one observation. Symbols and colours are the
same as in Fig. 2.
nificantly to values of about 2–3%, although error bars are
quite large at those low rms values. During the steep drop of
the count rate, when the source hardens, we also observe an
increase in rms, reaching values of 35% in the NICER data.
The decrease in count rate below a NICER count rate of 200
cts/s corresponds to a decrease in rms from 35 to 14%. The
softening at < 20 cts/s corresponds to an increase in the rms
from 10 to 20%.
The RID shows the hard line at outburst rise, at frac-
tional rms values similar to those seen in GX339-4
(Mun˜oz-Darias et al. 2011). During the first plateau the frac-
tional rms drops to about 20% and then again increases
slowly to 30% while the total rms decreases, leading to a
flat loop-like structure in the RID. During the second rise the
total rms increases with increasing count rate, while the frac-
tional rms decreases. The points of the second plateau lie
in the region of the soft branch (Mun˜oz-Darias et al. 2011).
During the steep decay seen in the light curve, the increase
in fractional rms corresponds to an increase of total rms, un-
til the fractional rms gets close to 20%, when the total rms
starts to decrease and MAXI J1820+070 follows again the
hard line.
3.2. UVOT light curves
UVOT data are available in the V, U, UVW1, UVW2, and
UVM2 bands. Not all bands are covered in each observa-
tion. Light curves in the different bands together with the
Swift/XRT light curve are shown in Fig. 4. The beginning of
the outburst is well covered in the UVW2 band. In this band,
as well as in the other two UV bands, the first outburst ap-
pears to be much more peaked than in the X-ray data and the
first plateau seen in the X-ray band is not present in the UV
data. The coverage of the beginning of the outburst in the V
band is spare, while in the U band the detector saturates in
many observations when the source is at its brightest stage,
which results in a constant magnitude with a large error bar.
Comparing the UV bands to the X-ray data, we also notice
that the second outburst, which is brighter than the first one in
the X-ray data, does not reach the magnitudes of the first out-
burst in the UV bands. We also notice that during the decay
of the second outburst a rebrightening occurs in all UVOT
bands around day 214. This feature is most prominent in the
V band, and it is not seen in the corresponding X-ray data.
The rebrightening takes place when the source evolves along
the lower horizontal branch in the HID (Fig. 2) in the LHS at
Swift/XRT HRs between 0.14 and 0.22.
Investigating the correlation between fluxes in the near ul-
traviolet band (UVW1) and the Swift/XRT hard X-ray band
(see Fig. 5) we find a linear correlation of these two quantities
at the beginning of the first outburst, before the first plateau
in the X-rays. The same correlation is found for data points
corresponding to observations taken after the peak of the re-
brightening in the UVOT bands. The data points of the third
and fourth outburst also follow this correlation rather closely.
These findings can be interpreted that it is the same process
that creates the UV emission at the beginning of the outburst
and after the peak of the rebrightening, while the UV emis-
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sion in between is due to another process. The rebrightening
in the UVOT bands indicates a change in the accretion mor-
phology e. g. in the structures of the accretion disk or jet.
3.3. X-ray timing properties
3.3.1. Swift/XRT
The PDS of the observations taken until day 22.4 can be
well described by two BLN components. From day 23.8 on-
wards a QPO is present and it can be detected in most obser-
vations of the first plateau and during the first decay and at the
beginning of the second rise. Observations where the PDS
shows a QPO have a Swift/XRT count rate between ∼400
and 1280 cts/s and a total fractional rms between 15.6 and
25.4%. The characteristic frequency ranges from 0.08 to 0.86
Hz, which only covers the low frequency end of the range in
which QPOs are typically observed in black hole XRBs. For
most observations the Q factor is between ∼3 and 10. Details
on individual observations can be found in Tables 1 and 2
and examples of PDS are shown in Fig. 6. The PDS of obser-
vations taken during the HSS (total fractional rms ∼2%) are
dominated by power law noise. The first three observations
where the rms is above 10% show again QPOs with a charac-
teristic frequency between 0.43 and 0.87 Hz. The observed
Q factors are low (< 3). The PDS of the remaining observa-
tions can be described by one or two BLN components and
no QPO is detected. The correlation between total fractional
rms and characteristic frequency is shown in Fig. 7. The PDS
of the observations during the third outburst can be well fit-
ted by two BLN components. In the observation taken on day
374.12 a QPO with a characteristic frequency of ∼ 6.19 Hz
and a Q factor of 18.4 is detected at 2.97σ.
3.3.2. NICER
Like for the Swift/XRT data, the PDS of the NICER obser-
vations taken until day 5.2 can be well described by two BLN
components. In most of the NICER observations taken after
day 10 and until day 116 two QPOs are detected, with the
characteristic frequency increasing from 0.03 to 1.57 Hz and
from 0.08 to 3.17 Hz, respectively, although in some observa-
tions these features are detected at less than three sigma. The
Q values lie between 2 and 10 for most observations. In some
observations the lower detection significance is related to the
fact that two Lorentzians, a broader and a narrow one, are
required to obtain a proper fit of the QPO. In other observa-
tions a rather sharp, edge like feature is visible, which gives
a high Q factor (> 10) if fitted with a Lorentzian. Between
day 35 and 116 most observations show an additional peaked
noise component, with a characteristic frequency between 3
and 8 Hz. Details on individual observations can be found
in Tables 3 and 4 and examples of PDS are shown in Fig. 6.
From Fig. 8, which shows the evolution of the characteristic
frequency up until day 116, it seems that for most observa-
Figure 4. Light curve in the different UVOT bands. For comparison
the Swift/XRT light curve is shown in the lowest panel. Each data
point represents one observation. Observations of the four outbursts
are indicated by different colours, following the colour scheme of
Fig. 1. The U band observations in which the detector saturates
when the source is at its brightest stage are not shown. The dashed
lines indicate the time of the brightest magnitude in the UV bands
and of the rebrightening in the UVOT data during the decay of the
second outburst. The dash-dotted lines indicate the times of the
highest observed X-ray flux and of the X-ray peak of the third and
fourth outburst.
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Figure 5. Correlation between the Swift/XRT count rate in the hard
(3 – 10 keV) band and the magnitude in the near ultraviolet (UVW1)
band. Each data point represents one observation. Observations of
the four outbursts are indicated by different colours, following the
colour scheme of Fig. 1. The arrow indicates the observation in
which the rebrightening seen in the UVOT bands peaks.
tions taken between day 92 and 109 only the QPO at higher
frequency is detectable. The data point at lower frequencies
on day 26.28 indicates that on this day the sub-harmonic was
detected by chance (together with the QPO).
On day 116 two QPOs are detected, with the characteristic
frequency increasing from 2 to 4 Hz and from 4 to 8 Hz,
respectively. At the beginning of this observation the higher
frequency QPO, which has a lower Q factor, is detected at
a higher significance than the lower frequency QPO. Then a
third QPO with a characteristic frequency around 0.6 – 0.8
Hz appears. After this third QPO has disappeared again, the
detection significance of the other two QPOs differs much
less. The evolution of these QPOs is shown in Fig. 8 and
details are given in Table 4.
In the observations taken after 2018 September 25th, QPOs
with > 2.9σ and Q > 2 are detected on days 199, 215 ,233,
241, 246 and have characteristic frequencies of 0.11, 0.17,
0.02, 0.49, 0.50 Hz, respectively. There are a fewmore QPOs
with high Q values and characteristic frequencies between
0.6 and 0.03 Hz, that are detected around 2σ. These QPOs
are also included in Table 4.
During the third and fourth outburst (observations taken in
2019) we find some more QPOs with high Q values that are
detected around 2σ. Two QPOs are detected with more than
3σ on days 375 and 380 and have characteristic frequencies
of 0.23 and 3.17 Hz, respectively. At the brightest point of
the third outburst at day 372 we find a QPO at a characteristic
frequency of 13.75 Hz that is detected at 2.8σ. These QPOs
are also included in Table 4.
The correlation between total fractional rms and character-
istic frequency is shown in Fig. 9. Most QPOs detected at
> 3σ follow an anti correlation between rms and frequency.
This anti correlation holds from the lowest frequency of 0.03
Hz to the highest at 8 Hz, and suggests that the QPOs are of
type-C. The QPOs observed between day 92 and 109, where
only the QPO at higher frequency is detected, seem to follow
a steeper anti-correlation than the remaining QPOs. It also
seems that the QPOs observed during the third and fourth
outburst (most of them only detected < 3σ) follow a flat cor-
relation at ∼ 43% rms.
We derive covariance spectra on long (5 s; 20 bins) and
short (0.01 s; 50 bins) time scales (Wilkinson & Uttley 2009;
Stiele & Yu 2015). The covariance ratios, obtained by di-
viding spectra on long time scales by those on short time
scales, for a sample of observations, are shown in Fig. 10, and
show an increase towards lower energies, as observed e. g.
in GX339-4 and Swift J1753.5-0125 (Wilkinson & Uttley
2009; Stiele & Yu 2015). Although the steepness of the in-
crease changes over time it is present throughout the hard
state over more than 100 days. We also find that the steepness
of the increase is not correlated with the amount of rms vari-
ability and that it does not show a monotonic evolution along
the outburst (see Fig. 10). We also derived covariance spec-
tra and ratios for observations of the third outburst (Fig. 11).
Due to the coverage of this outburst by NICER data, we only
have one observation before the outburst peak (and several
observations after the peak). Considering only covariance
ratios above 4 keV and below 0.8 keV, the ratios appear to
be much flatter than the correlations observed during the first
and second outburst. A comparison of the covariance ratios
for the different outbursts in the 0.8 to 4 keV range shows that
the covariance ratios of the third outburst show a decrease
towards lower energies in this energy range. The covariance
ratio of the fourth outburst that are obtained in a similar count
rate range as those of the third outburst show the same shape
as those of the third outburst. Although earlier phases of this
outburst are covered compared to the coverage of the third
outburst, we cannot determine the shape of the covariance
ratios in these observations due to the low count rate.
4. DISCUSSION
We investigate the Swift/XRT and NICER monitoring ob-
servations of MAXI J1820+070 taken in 2018 and 2019.
The HID derived from the Swift/XRT data show the typi-
cal q-shape or turtle-head pattern observed in many black
hole X-ray binary outbursts. The light curve reveals that
MAXI J1820+070 underwent four outbursts, with the source
remaining in the hard state during its first outburst, while
the rise of the second outburst corresponds with the transi-
tion to the HSS. These two outbursts are followed by two
weaker outbursts during which MAXI J1820+070 remains
again in the hard state, so-called “failed” outbursts. The
first two outbursts can be regarded as a double outburst and
a similar outburst of GX339-4 has been observed in 2004
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Figure 6. Examples of PDS for three Swift/XRT observations, taken during brightening of the outburst. PDS of corresponding NICER
observations are also shown. In addition, two NICER PDS obtained on day 116 and day 215 are shown.
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Figure 7. Correlation of the total fractional rms variability with the
characteristic QPO frequency, derived from Swift/XRT data. Cir-
cles indicate observations taken during the first outburst and the rise
of the second outburst, while squares indicate observations taken
during the decay of the second outburst (open symbols indicate
QPOs with a detection significance below 3σ). For observations in
which more than one QPO is detected (only the case during outburst
rise) up-pointing triangles, stars, and down-pointing triangles indi-
cate QPOs at higher frequencies (including upper harmonics). In
the lower panel the x-axis is logarithmic to display the data points
at lower frequencies more clearly.
(Joinet et al. 2007; Plant et al. 2014). In case of GX339-4
the outburst lasted about twice as long as the double outburst
of MAXI J1820+070 reported here. Comparing the UV to
the X-ray light curves shows that the first outburst, which is
brighter than the second outburst in the UV bands, is much
more peaked in the UV bands than in the X-ray band, and
that the plateau seen in the X-ray data is not present in the
UV data. During the decay of the second outburst a rebright-
ening is visible in the UVOT data that has no corresponding
feature in the X-ray light curves.
For many observations during the first outburst and the
rise of the second outburst QPOs have been detected in the
Swift/XRT and NICER data. For most of these observations
the characteristic frequencies of the QPOs detected at about
the same time in both data sets agree with each other. Due
Figure 8. Evolution of the characteristic frequency of the funda-
mental QPO (red circles) and its upper-harmonic (blue triangles)
derived from NICER data until day 116. Open symbols indicate
QPOs with a detection significance below 3σ.
to the much better signal-to-noise ratio in the NICER PDS,
QPOs at lower frequencies and weaker features (like upper
harmonics or additional peaked noise components) can be
detected in these data, which are not detectable in Swift/XRT
PDS. For the QPOs observed during outburst rise (up until
day 116), the frequency range in which the QPOs are ob-
served, the Q factors and the anti-correlation between to-
tal fractional rms and characteristic frequency suggest these
QPOs to be type-C QPOs, consistent with the detection of
these QPOs during the hard state. The QPOs detected dur-
ing the first plateau, the first decay and at the beginning of
the second rise are detected at rather low characteristic fre-
quencies below 1 Hz. Only in the last two NICER obser-
vations taken before the source entered the soft state, QPOs
with a characteristic frequency above 1 Hz are detected and
the characteristic frequency increases from 1.57 to 3.94 Hz
within 24.8 hrs, while the overall total fractional rms de-
creases from 10.4+1.2
−1.1
to 6.3+1.1
−1.0
%. In the Swift/XRT obser-
vations taken about 19 hrs after the last NICER observation
the rms has decreased to 2+3
−2
% andMAXI J1820+070 has en-
tered the soft state, in which it stayed for about 81 days. On
day 199.4 the rms has increased to 10.9+1.5
−1.3
% and two QPOs
with characteristic frequencies of 0.11 and 0.20 Hz are de-
tected. On day 202 and 203 QPOs with characteristic fre-
quencies of about 0.5 and 0.4 Hz, respectively, are detected
in both Swift/XRT and NICER data. A few more QPOs are
detected in the NICER data during the decay of the second
outburst and during the two “failed” outbursts.
At the brightest point of the third outburst at day 372 we
find a QPO at ∼ 13.75 Hz. It is worth noting that a QPO at
∼ 21 Hz has been observed in the initial low-hard state of
XTE J1752–223 (Mun˜oz-Darias et al. 2010).
We would like to point out that during the first outburst
and during most of the times of the second, third and fourth
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Figure 9. Correlation of the total fractional rms variability with the
characteristic QPO frequency, derived fromNICER data. Circles in-
dicate observations taken during the first outburst and the rise of the
second outburst, while squares indicate observations taken during
the decay of the second outburst (open symbols indicate QPOs with
a detection significance below 3σ). For observations in which more
than one QPO is detected up-pointing (down-pointing) triangles in-
dicate QPOs at the higher frequency (including upper harmonics)
in observations taken during outburst rise (decay). In some obser-
vations taken during outburst rise (before day 117) two Lorentizans
are need to fit the QPO at higher frequency. If this is the case, green
stars indicate this additional feature. Observations taken during the
third outburst (after day 330) are indicated using a diamond shape.
The black asterisk indicates the QPO at 13.7 Hz found in the ob-
servation at the peak of the third outburst. The QPOs and upper
harmonics observed during the fourth outburst are indicted by cyan
cross points and pink x-shape points, respectively. The inset dis-
plays data points at frequencies below 2 Hz more clearly, while in
the lower panel the x-axis is logarithmic to display the data points
at even lower frequencies (< 0.5 Hz) more clearly.
outburst, the characteristic frequency of the QPO remains be-
low 1 Hz, while in other black hole X-ray binaries that nor-
mally show single-peak outbursts (including so-called failed
outbursts), the characteristic frequency of type-C QPOs in-
creases up to 10 Hz (Stiele et al. 2013). The observation of
type-C QPOs below 1 Hz during large parts of an outburst
of a black hole X-ray binary is exceptional. A comparison of
the QPOs and their properties observed here to those detected
in the 2004 outburst of GX339-4, shows that during the 2004
outburst only one QPO with a characteristic frequency below
1 Hz was detected (Motta et al. 2011). QPO-like features at
rather low characteristic frequencies (0.03 and 0.05 Hz) have
also been observed in the initial low-hard state observations
of XTE J1752–223 (Mun˜oz-Darias et al. 2010), but during its
evolution the source showed QPOs at frequencies above 1 Hz
in many observations (Shaposhnikov et al. 2010). QPOs at
frequencies between 0.1 and 1 Hz have also be detected in
CygX–1 (Pottschmidt et al. 2003). The QPOs below 1 Hz
do not show a correlation with the source flux, as has been
observed for example in Shidatsu et al. (2014). During the
first plateau we observe an increase in the characteristic fre-
quency from ∼ 0.04 to ∼ 0.3 Hz, while the source luminosity
is slightly decreasing.
In case of the 2004 double outburst of GX339-4 only in
one observation during the decay of the second outburst a
QPO was detected. For MAXI J1820+070 we found five
QPOs in the NICER data of the decay of the second outburst.
So it seems that double outbursts show QPOs only in few ob-
servations during the decay of the second outburst compared
to the higher numbers of QPOs observed during the decay
of single-peak outbursts of other black hole X-ray binaries
(Stiele et al. 2013). However, one needs to be cautious when
comparing the amount of QPOs detected in individual out-
bursts and in different parts of an outburst, as the number of
QPOs found not only depends on the properties of the sys-
tem, but also on the amount of observations that are available
for each part of an outburst.
It is also remarkable that the increase in QPO frequency
and the transition to the soft state take place in less than two
days. This is an exceptional fast state transition (see Table 16
of Tetarenko et al. (2016) that lists durations of state transi-
tions for transient Galactic BHBs).
The detection of a disk wind in the optical during the hard
state (Mun˜oz-Darias et al. 2019) together with the fast tran-
sition from the hard to the soft state, seems to indicate the
presence of a standard accretion disk in the hard state of
MAXI J1820+070. However, the fact that the characteris-
tic frequencies of the QPOs remains below 1 Hz for most
of the outburst seems to imply that the source remains in a
configuration close to the one typically observed at the be-
ginning of an outburst, when the accretion efficiency is still
low and the disk is truncated far away from the black hole.
In the Lense-Thirring precession model (Ingram et al. 2009)
low QPO frequencies correspond to an accretion disk trun-
cated at several tens of gravitational radius from the central
black hole. Hence the observed low QPO frequencies imply
an accretion disk truncated far away from the black hole and
not much evolution of the truncation radius during the out-
burst. This is consistent with the results of Kara et al. (2019)
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Figure 10. Covariance ratios of a sample of observations taken during the low-hard state with NICER. The small percentage numbers indicate
the fractional rms values of the individual observations. The steepness of the increase towards lower energies neither correlates with the amount
of rms variability nor with the outburst evolution.
Figure 11. Covariance ratios of a sample of observations taken dur-
ing the third and fourth outburst with NICER. The small percentage
numbers indicate the fractional rms values of the individual obser-
vations. For comparison the covariance ratios for the observation on
day 4 are given.
that the truncation radius of the accretion disk does not show
much evolution during the hard state based on X-ray rever-
beration lags. An explanation why the source remains in a
state of low accretion efficiency can be the presence of the
disk wind in the hard state that has not been observed in any
other black hole X-ray binary before, and that hampered the
formation of a stable accretion regime.
We also investigate Swift/UVOT light curves. In the UV
light curves the first outburst is brighter than the second one,
contrary to what has been observed in the X-rays, and it
is much more peaked than in the X-rays. The source of
UV emission in the hard state of BHBs can be the jet, the
cool disk, the hot advection-dominated accretion flow or X-
ray reprocessing in the accretion disk (Markoff et al. 2003;
Yuan et al. 2005; Rykoff et al. 2007; Maitra et al. 2009). As
the shape of the light curves differs between the X-ray and
UV bands, viscous dissipation in the disk does not seem
to be the primarily cause of the UV emission. Jet quench-
ing, which has been suggested as cause of a similar fea-
ture observed in Swift data of the 2010 outburst of GX339-4
(Yan & Yu 2012), also does not seem to be a good explana-
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tion here, as MAXI J1820+070 remains in the hard state for
about another 100 days, before the transition to the soft state
takes place.
Furthermore, the Swift/UVOT light curves show a rebright-
ening that peaked about 15 days after the source left the HSS.
The X-ray light curves do not show a corresponding fea-
ture and keep on decaying. The rebrightening was accom-
panied by an increase in the X-ray hardness ratio, which in-
dicates a change in the accretion morphology. This change
in the accretion morphology is further supported by the find-
ing that a linear correlation between the hard X-ray count
rate and the near UV flux similar to the one at the beginning
of the outburst is observed after the peak of the rebright-
ening feature. A similar UV rebrightening with continued
decay in the X-rays and an increase in the X-ray hardness
ratio was observed in the 2012 outburst of SWIFT J1910.2–
0546 (Degenaar et al. 2014). The rebrighetning in the UVOT
bands is reminiscent of the secondary nIR/optical maxima
seen in other BHBs that have been ascribed to the revival of
a jet (e.g. Dinc¸er et al. 2012; Kalemci et al. 2013). Alterna-
tively, the rebrightening may be interpreted as the recovery
of a hot inner flow (Veledina et al. 2011, 2013).
The covariance ratios derived from NICER data of the first
and second outburst show an increase towards lower ener-
gies. In previous studies, we related the increase in covari-
ance ratio to outbursts making a transition to the high-soft
state, while for outbursts that remain in the hard states, we
observed a flat or decreasing covariance ratio (Stiele & Kong
2016; Stiele & Yu 2016). Thus the increase in the covari-
ance ratios of MAXI J1820+070 indicated that the source
should make a transition to the soft state, which in the end
took place, after MAXI J1820+070 stayed in the hard state
at rather constant luminosity for about 116 days. A simi-
lar shape of the covariance ratio has also been found from
XMM-Newton observations taken during the first outburst
of the 2004 double-outburst of GX339-4 (Stiele & Kong
2019). The steepness of the increase is not correlated with
the amount of rms variability and it does not show a mono-
tonic evolution along the outburst, contrary to what has
been observed during the 2015 outburst decay of GX339-
4 (Stiele & Kong 2017). This finding gives further evidence
that there is no correlation between the shape of the covari-
ance ratio and the amount of fractional rms variability, as
reported in Stiele & Kong (2019).
The overall shape of the covariance ratios of the third and
fourth, hard state only outbursts clearly differs from the shape
seen in the first two outbursts. Between 0.8 and 4 keV
the covariance ratios decay towards lower energies. There
seems to be a slight increase to even lower energies and the
shape is different from the ones reported in Stiele & Kong
(2016) and Stiele & Yu (2016). This difference may be re-
lated to the phase of the outburst during which the observa-
tions have been taken. Here, covariance ratios are obtained
from NICER observations of MAXI J1820+070 shortly be-
fore the peak of its third and fourth outburst and the outburst
decays are well covered. Contrary, the observations studied
in Stiele & Kong (2016) and Stiele & Yu (2016) have been
taken during early outburst rise of the hard state only out-
bursts. Furthermore, the two hard state only outbursts of
MAXI J1820+070 follow a bright double outburst, while the
outbursts studied in Stiele & Kong (2016) and Stiele & Yu
(2016) are single hard state only outbursts that are sepa-
rated by much longer time span from any previous outburst.
Hence, the accretion geometry from the hard state only out-
bursts studied here may be different from the one in the
outbursts studied in Stiele & Kong (2016) and Stiele & Yu
(2016). More observations of other hard state only outburst
will be needed to study the evolution of the covariance ratios
during this kind of outburst and to further investigate differ-
ences between full and hard state only outbursts.
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Table 1. Parameters of the BLN components of the PDS derived from Swift/XRT data
day νmax;BLN1 rmsBLN1 νmax;BLN2 rmsBLN2
2.74 0.974+0.121
−0.091
0.322+0.008
−0.009
0.020+0.004
−0.005
0.408+0.039
−0.031
3.84 1.404+0.199
−0.116
0.278+0.013
−0.020
0.266+0.075
−0.059
0.239+0.020
−0.016
3.87 1.116+0.075
−0.075
0.326+0.006
−0.006
0.025+0.007
−0.004
0.358+0.026
−0.028
4.08 1.060+0.076
−0.064
0.337+0.005
−0.006
0.024+0.008
−0.004
0.374+0.024
−0.028
5.13 1.355+0.075
−0.078
0.282+0.005
−0.005
0.028+0.006
−0.004
0.334+0.019
−0.024
6.13 1.180+0.072
−0.068
0.260+0.004
−0.005
0.025+0.005
−0.003
0.301+0.017
−0.021
7.13 1.163+0.054
−0.057
0.216+0.004
−0.003
0.021+0.004
−0.004
0.245+0.019
−0.017
8.06 1.353+0.042
−0.074
0.175+0.003
−0.002
0.049+0.005
−0.004
0.206+0.006
−0.008
8.79 1.641+0.119
−0.067
0.155+0.002
−0.003
0.051+0.009
−0.004
0.171+0.008
−0.009
9,78 1.566+0.095
−0.096
0.138+0.003
−0.003
0.060+0.007
−0.005
0.172+0.008
−0.008
10.79 1.657+0.112
−0.098
0.129+0.003
−0.003
0.070+0.008
−0.006
0.165+0.006
−0.007
11.20 1.583+0.112
−0.107
0.129+0.003
−0.003
0.094+0.011
−0.009
0.134+0.006
−0.007
12.78 1.641+0.110
−0.113
0.123+0.003
−0.003
0.072+0.009
−0.007
0.154+0.006
−0.007
13.12 1.651+0.098
−0.147
0.122+0.003
−0.002
0.065+0.006
−0.008
0.143+0.006
−0.007
14.18 1.802+0.109
−0.115
0.126+0.003
−0.002
0.074+0.008
−0.007
0.137+0.006
−0.006
15.17 1.750+0.151
−0.114
0.121+0.003
−0.003
0.076+0.014
−0.009
0.141+0.006
−0.007
16.49 1.700+0.128
−0.111
0.126+0.003
−0.003
0.111+0.013
−0.011
0.121+0.005
−0.006
17.10 1.681+0.125
−0.103
0.126+0.003
−0.003
0.087+0.009
−0.008
0.148+0.006
−0.006
18.09 1.849+0.432
−0.427
0.157+0.012
−0.014
0.067+0.009
−0.008
0.257+0.011
−0.013
19.48 1.691+0.125
−0.103
0.136+0.003
−0.003
0.064+0.008
−0.006
0.164+0.007
−0.007
20.47 1.487+0.470
−0.302
0.199+0.013
−0.013
0.046+0.011
−0.009
0.192+0.013
−0.013
21.40 2.032+0.148
−0.135
0.125+0.003
−0.003
0.111+0.010
−0.009
0.155+0.006
−0.006
22.40 2.043+0.138
−0.144
0.127+0.003
−0.003
0.087+0.009
−0.008
0.158+0.006
−0.007
23.80 2.082+0.155
−0.135
0.122+0.002
−0.003
0.043+0.026
−0.017
0.097+0.020
−0.017
24.24 1.930+0.156
−0.146
0.130+0.004
−0.004
0.127+0.017
−0.015
0.146+0.008
−0.010
25.09 1.887+0.097
−0.110
0.129+0.003
−0.002
0.107+0.008
−0.011
0.150+0.003
−0.007
26.88 2.011+0.159
−0.113
0.126+0.003
−0.004
0.104+0.015
−0.021
0.157+0.007
−0.157
27.35 1.965+0.192
−0.158
0.135+0.004
−0.004
0.090+0.016
−0.012
0.160+0.008
−0.008
28.31 1.899+0.120
−0.146
0.126+0.003
−0.003
0.045+0.034
−0.018
0.090+0.021
−0.015
29.41 2.440+0.156
−0.135
0.115+0.002
−0.002
0.146+0.012
−0.007
0.166+0.003
−0.006
30.50 2.098+0.189
−0.130
0.127+5.978
−0.001
0.047+0.037
−0.018
0.091+0.021
−0.018
31.23 2.144+0.141
−0.163
0.120+0.003
−0.003
0.117+0.011
−0.012
0.154+0.005
−0.005
32.10 2.336+0.231
−0.221
0.112+0.004
−0.004
0.187+0.032
−0.018
0.133+0.004
−0.009
32.30 2.557+0.228
−0.215
0.117+0.004
−0.003
0.154+0.022
−0.022
0.128+0.007
−0.009
32.43 1.817+0.219
−0.150
0.119+0.004
−0.004
0.124+0.023
−0.016
0.139+0.008
−0.010
33.36 2.003+0.171
−0.146
0.125+0.003
−0.004
0.042+0.021
−0.014
0.077+0.013
−0.014
34.29 2.068+0.182
−0.217
0.113+0.004
−0.004
0.045+0.039
−0.017
0.070+0.021
−0.014
35.29 1.939+0.134
−0.115
0.117+0.003
−0.003
0.085+0.033
−0.036
0.092+0.017
−0.021
Notes:
rms: root mean square; νmax: characteristic frequency; BLN: band limited noise
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Table 1. continued
day νmax;BLN1 rmsBLN1 νmax;BLN2 rmsBLN2
36.69 1.918+0.139
−0.123
0.113+0.003
−0.004
0.107+0.030
−0.027
0.110+0.016
−0.016
36.75 2.086+0.176
−0.146
0.113+0.003
−0.005
0.117+0.060
−0.034
0.103+0.028
−0.019
36.83 1.924+0.172
−0.157
0.101+0.003
−0.003
0.104+0.021
−0.029
0.117+0.009
−0.018
36.89 2.145+0.173
−0.146
0.121+0.004
−0.004
0.117+0.037
−0.047
0.113+0.015
−0.027
36.96 2.111+0.243
−0.245
0.103+0.005
−0.005
0.207+0.025
−0.023
0.141+0.005
−0.005
37.48 2.152+0.182
−0.157
0.099+0.003
−0.003
0.222+0.015
−0.014
0.149+0.004
−0.004
37.76 1.946+0.211
−0.167
0.107+0.004
−0.006
0.124+0.045
−0.030
0.112+0.019
−0.015
38.14 0.200+0.014
−0.019
0.178+0.004
−0.008
2.407+0.251
−0.265
0.117+0.006
−0.004
39.21 2.160+0.211
−0.159
0.107+0.003
−0.004
0.132+0.041
−0.029
0.108+0.015
−0.014
40.90 1.883+0.126
−0.135
0.128+0.004
−0.004
0.108+0.056
−0.041
0.097+0.023
−0.020
41.34 2.120+0.141
−0.158
0.116+0.004
−0.003
0.118+0.031
−0.041
0.117+0.016
−0.024
41.84 1.623+0.178
−0.116
0.123+0.004
−0.008
0.120+0.066
−0.060
0.097+0.029
−0.033
42.89 2.066+0.202
−0.158
0.108+0.003
−0.004
0.122+0.050
−0.027
0.103+0.016
−0.012
50.04 2.481+0.307
−0.374
0.105+0.006
−0.004
0.093+0.033
−0.020
0.089+0.010
−0.007
51.23 3.339+0.769
−0.554
0.068+0.006
−0.007
0.485+0.037
−0.033
0.145+0.004
−0.004
52.63 3.056+0.978
−0.813
0.074+0.011
−0.009
0.430+0.056
−0.053
0.139+0.006
−0.008
53.39 4.020+0.980
−0.763
0.066+0.006
−0.007
0.487+0.030
−0.023
0.167+0.003
−0.004
53.69 2.668+0.632
−0.468
0.075+0.007
−0.007
0.413+0.035
−0.032
0.141+0.004
−0.005
54.62 2.364+0.504
−0.427
0.097+0.007
−0.008
0.202+0.090
−0.060
0.087+0.014
−0.013
56.50 1.811+0.254
−0.219
0.108+0.005
−0.005
0.216+0.058
−0.050
0.089+0.010
−0.010
60.24 2.881+1.664
−0.853
0.078+0.013
−0.013
0.180+0.078
−0.049
0.062+0.009
−0.006
67.94 1.399+0.156
−0.129
0.123+0.006
−0.006
0.273+0.055
−0.052
0.084+0.009
−0.009
71.36 2.279+0.511
−0.344
0.103+0.006
−0.007
0.262+0.074
−0.046
0.086+0.010
−0.007
71.42 1.423+0.207
−0.224
0.116+0.010
−0.009
0.311+0.087
−0.091
0.084+0.012
−0.016
79.86 0.907+0.433
−0.099
0.161+0.007
−0.027
0.054+0.190
−0.023
0.058+6.046
−0.010
81.86 0.718+0.030
−0.022
0.186+0.003
−0.004
0.032+0.015
−0.009
0.077+0.008
−0.007
83.85 0.936+0.094
−0.063
0.172+0.005
−0.006
0.096+0.035
−0.024
0.069+0.011
−0.009
87.83 1.482+0.836
−0.274
0.140+0.017
−0.038
0.299+0.140
−0.075
0.155+0.034
−0.022
92.18 0.268+0.048
−0.034
0.193+0.012
−0.010
2.629+0.393
−0.342
0.127+0.006
−0.009
92.63 0.253+0.035
−0.030
0.190+0.009
−0.009
1.976+0.266
−0.210
0.143+0.007
−0.008
106.35 0.852+0.065
−0.055
0.208+0.005
−0.005
0.050+0.021
−0.018
0.080+0.010
−0.011
107.48 0.100+0.044
−0.028
0.092+0.015
−0.013
0.899+0.103
−0.065
0.193+0.005
−0.009
108.61 0.214+0.048
−0.040
0.138+0.010
−0.010
2.821+1.084
−0.911
0.110+0.015
−0.012
109.48 0.142+0.029
−0.028
0.118+0.009
−0.011
1.260+0.164
−0.142
0.165+0.008
−0.008
200.96 4.543+1.129
−0.830
0.072+0.005
−0.007
0.727+0.293
−0.408
0.048+0.017
−0.024
202.32 0.002+0.005
−0.002
0.170+0.331
−0.073
1.841+0.360
−0.284
0.123+0.008
−0.010
203.46 2.494+1.379
−0.827
0.105+0.030
−0.024
0.651+0.130
−0.188
0.136+0.017
−0.037
373.86 0.120+0.028
−0.025
0.254+0.015
−0.016
4.925+0.075
−1.030
0.347+0.026
−0.030
Notes:
rms: root mean square; νmax: characteristic frequency; BLN: band limited noise
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Table 1. continued
day νmax;BLN1 rmsBLN1 νmax;BLN2 rmsBLN2
374.12 0.244+0.064
−0.046
0.283+0.019
−0.020
0.010+0.005
−0.005
0.330+0.057
−0.042
375.12 0.011+0.006
−0.004
0.286+0.036
−0.034
0.364+0.181
−0.077
0.248+0.015
−0.016
376.26 0.009+0.003
−0.003
0.370+0.061
−0.045
0.691+0.203
−0.149
0.282+0.017
−0.017
377.18 0.016+0.006
−0.004
0.325+0.028
−0.032
0.615+0.423
−0.226
0.200+0.024
−0.028
378.28 0.023+0.006
−0.004
0.373+0.023
−0.023
1.214+0.391
−0.194
0.287+0.017
−0.014
379.21 0.034+0.018
−0.009
0.273+0.019
−0.019
4.377+0.614
−0.490
0.449+0.019
−0.018
383.03 0.008+0.005
−0.004
0.442+5.682
−0.083
6.906+1.850
−1.420
0.496+0.044
−0.043
384.15 0.032+0.012
−0.010
0.241+0.020
−0.020
8.398+1.191
−1.050
0.614+0.031
−0.031
530.24 0.0257+0.0128
−0.0115
0.3176+0.0406
−0.0303
0.683+0.3246
−0.2601
0.2045+0.0288
−0.0331
531.11 0.0104+0.0055
−0.0033
0.301+0.0432
−0.0437
3.4271+2.4425
−1.6229
0.2927+0.0479
−0.0423
536.02 0.0119+0.0066
−0.0062
0.271+0.0373
−0.0459
0.1751+0.2161
−0.0764
0.2036+0.0343
−0.0397
545.05 0.012+0.005
−0.0042
0.3088+0.0428
−0.0397
Notes:
rms: root mean square; νmax: characteristic frequency; BLN: band limited noise
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Table 2. Parameters of the QPOs of the PDS derived from Swift/XRT
day ν0;QPO1 ∆QPO1 rmsQPO1 QQPO1 σQPO1
23.80 0.0675+0.0029
−0.0023
0.0049+0.0043
−0.0035
0.0548+0.0114
−0.0132
6.89 2.08
24.24 0.064+0.004
−0.001
< 0.006 0.043+0.014
−0.012
5.74 1.81
26.88 0.0729+0.0014
−0.0002
< 0.0028 0.0411+0.0071
−0.0084
13.02 2.45
28.31 0.075+0.006
−0.002
0.002+0.004
−0.002
0.042+0.011
−0.012
23.41 1.81
29.41 0.082+0.004
−0.008
0.009+0.010
−0.005
0.054+0.010
−0.010
4.76 2.71
30.50 0.085+0.004
−0.002
0.005+0.010
−0.003
0.061+0.011
−0.011
7.97 2.70
32.10 0.087+0.006
−0.003
0.008+0.009
−0.004
0.064+0.009
−0.011
5.74 2.84
32.30 0.187+0.013
−0.009
0.028+0.018
−0.017
0.060+0.011
−0.012
3.39 2.58
32.43 0.084+0.004
−0.004
0.006+0.013
−0.005
0.050+0.017
−0.015
7.59 1.66
33.36 0.096+0.003
−0.003
0.007+0.005
−0.004
0.067+0.010
−0.011
6.51 3.14
34.29 0.100+0.003
−0.003
0.006+0.006
−0.005
0.051+0.011
−0.013
9.09 1.92
35.29 0.113+0.005
−0.006
0.020+0.012
−0.008
0.066+0.015
−0.011
2.78 2.87
36.69 0.121+0.004
−0.004
0.013+0.007
−0.005
0.060+0.010
−0.010
4.57 3.02
36.75 0.113+0.004
−0.003
0.016+0.010
−0.006
0.073+0.011
−0.012
3.45 3.08
36.83 0.121+0.003
−0.009
0.007+0.018
−0.005
0.041+6.063
−0.009
9.17 2.16
36.89 0.130+0.005
−0.011
0.015+0.014
−0.006
0.059+6.045
−0.011
4.49 2.79
37.48 0.112+0.005
−0.006
0.016+0.009
−0.006
0.059+0.007
−0.008
3.47 3.79
37.76 0.126+0.002
−0.002
0.003+0.003
−0.002
0.060+0.008
−0.010
21.07 2.95
38.14 0.133+0.001
−0.003
0.002+0.003
−0.002
0.053+0.009
−0.010
22.13 2.60
39.21 0.134+0.003
−0.003
0.008+0.004
−0.003
0.054+0.008
−0.008
8.69 3.29
40.90 0.137+0.004
−0.004
0.023+0.008
−0.005
0.085+0.012
−0.011
3.03 3.97
41.34 0.134+0.005
−0.008
0.020+0.016
−0.010
0.062+0.018
−0.012
3.42 2.55
41.84 0.140+0.009
−0.010
0.039+0.018
−0.017
0.084+0.020
−0.020
1.81 2.12
42.89 0.157+0.004
−0.005
0.013+0.006
−0.005
0.052+0.008
−0.010
6.22 2.72
50.04 0.233+0.008
−0.007
0.048+0.015
−0.013
0.076+0.009
−0.010
2.41 3.86
51.23 0.275+0.012
−0.011
0.022+0.010
−0.010
0.039+0.006
−0.007
6.17 2.82
52.63 0.307+0.006
−0.005
0.011+0.008
−0.005
0.036+0.006
−0.007
14.60 2.66
53.39 0.283+0.005
−0.005
0.016+0.009
−0.005
0.039+0.006
−0.006
9.14 3.35
53.69 0.295+0.007
−0.010
0.016+0.008
−0.006
0.040+0.005
−0.005
9.10 3.67
54.62 0.332+0.008
−0.007
0.026+0.014
−0.014
0.050+0.008
−0.009
6.35 2.73
56.50 0.369+0.012
−0.012
0.080+0.019
−0.015
0.066+0.008
−0.008
2.32 4.39
60.24 0.478+0.018
−0.016
0.085+0.023
−0.022
0.062+0.007
−0.007
2.83 4.18
67.94 0.489+0.009
−0.009
0.044+0.012
−0.010
0.045+0.004
−0.004
5.58 6.07
71.36 0.508+0.014
−0.013
0.085+0.026
−0.021
0.054+0.007
−0.007
3.00 3.72
71.42 0.521+0.012
−0.013
0.059+0.029
−0.021
0.045+0.008
−0.007
4.41 3.42
79.86 0.395+0.013
−0.013
0.040+0.018
−0.014
0.052+0.010
−0.010
4.91 2.63
83.85 0.370+0.007
−0.007
0.025+0.021
−0.010
0.044+0.008
−0.007
7.32 3.21
87.83 0.321+0.009
−0.009
0.022+0.023
−0.016
0.045+0.013
−0.017
7.17 1.36
92.63 0.544+0.017
−0.016
0.074+0.033
−0.021
0.065+0.011
−0.010
3.69 3.32
106.35 0.291+0.041
−0.007
0.012+0.011
−0.006
0.043+0.008
−0.009
12.53 2.31
107.48 0.331+0.016
−0.010
0.029+0.021
−0.012
0.051+0.008
−0.009
5.78 2.95
Notes:
rms: root mean square; ν0: centroid frequency; ∆: half width at half maximum; σ: significance; QPO: quasiperiodic oscillation
2018/19 outbursts ofMAXI J1820+070 21
Table 2. continued
day ν0;QPO1 ∆QPO1 rmsQPO1 QQPO1 σQPO1
108.61 0.410+0.013
−0.015
0.023+0.016
−0.014
0.043+0.010
−0.010
9.11 2.10
109.48 0.397+0.004
−0.006
0.014+0.008
−0.007
0.042+0.006
−0.007
14.29 3.20
200.96 0.760+0.066
−0.090
0.416+0.084
−0.098
0.061+0.012
−0.010
0.91 3.10
202.32 0.507+0.039
−0.034
0.192+0.064
−0.050
0.083+0.011
−0.011
1.32 3.72
203.46 0.425+0.015
−0.020
0.071+0.049
−0.025
0.070+0.014
−0.010
2.97 3.48
374.12 6.190+0.000
−0.000
0.169+0.122
−0.075
0.140+0.023
−0.024
18.36 2.97
531.11 0.2553+0.0096
−0.0103
0.0263+0.0122
−0.0098
0.1448+0.0194
−0.0213
4.85 3.40
536.02 0.2168+0.0071
−0.0075
0.011+0.0125
−0.0072
0.0925+0.0238
−0.0262
9.85 1.77
day ν0;QPO2 ∆QPO2 rmsQPO2 QQPO2 σQPO2
23.80 0.168+0.019
−0.021
0.106+0.020
−0.018
0.109+0.011
−0.016
0.80 3.31
24.24 0.152+0.006
−0.008
0.016+0.013
−0.008
0.058+0.012
−0.013
4.76 2.25
25.09 0.177+0.014
−0.011
0.036+0.016
−0.011
0.054+0.007
−0.007
2.48 3.79
26.88 0.158 ± 0.003 0.005+0.006
−0.005
0.036+0.008
−0.014
16.44 1.33
28.31 0.175+0.021
−0.017
0.098+0.015
−0.019
0.115+0.009
−0.018
0.89 3.21
30.50 0.185+0.022
−0.037
0.115+0.031
−0.022
0.105+0.014
−0.018
0.80 2.91
32.10 0.169+0.007
−0.014
0.024+0.016
−0.009
0.065+0.010
−0.010
3.56 3.33
32.30 0.297+0.009
−0.008
0.016+0.013
−0.007
0.036+0.008
−0.009
9.53 2.09
32.43 0.229+0.005
−0.005
0.010+0.008
−0.005
0.045+0.009
−0.009
11.12 2.65
33.36 0.221+0.031
−0.021
0.163+0.025
−0.023
0.116+0.009
−0.009
0.68 6.29
34.29 0.194+0.026
−0.028
0.151+0.020
−0.023
0.135+0.009
−0.013
0.64 5.26
35.29 0.248+0.016
−0.024
0.122+0.025
−0.022
0.095+0.012
−0.012
1.02 4.10
36.69 0.271+0.023
−0.023
0.125+0.021
−0.022
0.094+0.012
−0.015
1.09 3.22
36.75 0.302+0.050
−0.002
0.151+0.022
−0.053
0.093+0.008
−0.028
1.00 1.66
36.83 0.300+0.000
−0.020
0.103+0.021
−0.016
0.085+0.011
−0.008
1.46 5.19
36.89 0.274+0.012
−0.015
0.087+0.026
−0.021
0.090+0.015
−0.014
1.58 3.31
37.76 0.288+0.012
−0.023
0.118+0.024
−0.031
0.094+0.012
−0.019
1.22 2.49
38.14 0.340+0.021
−0.024
0.066+0.029
−0.022
0.061+0.007
−0.008
2.57 3.98
39.21 0.338+0.031
−0.031
0.168+0.033
−0.036
0.087+0.012
−0.016
1.00 2.68
40.90 0.274+0.004
−0.004
0.012+0.007
−0.005
0.042+0.009
−0.009
11.79 2.28
41.34 0.328+0.020
−0.023
0.146+0.026
−0.024
0.093+0.013
−0.013
1.12 3.55
41.84 0.288+0.012
−0.006
0.027+0.027
−0.015
0.054+0.012
−0.014
5.35 1.98
42.89 0.377+0.023
−0.017
0.148+0.024
−0.029
0.094+0.008
−0.014
1.27 3.39
50.04 0.513+0.029
−0.032
0.259+0.036
−0.044
0.108+0.007
−0.009
0.99 5.92
51.23 0.572+0.006
−0.006
0.019+0.013
−0.008
0.033+0.004
−0.005
14.90 3.40
52.63 0.627+0.009
−0.009
0.024+0.010
−0.009
0.037+0.005
−0.006
13.16 3.07
53.39 0.594+0.008
−0.006
0.013+0.023
−0.008
0.025+0.005
−0.005
22.35 2.41
53.69 0.680+0.019
−0.021
0.083+0.030
−0.023
0.042+0.004
−0.004
4.11 4.92
54.62 0.617+0.047
−0.102
0.295+0.110
−0.067
0.088+0.019
−0.012
1.04 3.65
56.50 0.747+0.012
−0.011
0.074+0.022
−0.015
0.050+0.005
−0.004
5.06 6.24
60.24 0.995+0.083
−0.097
0.534+0.135
−0.120
0.085+0.013
−0.013
0.93 3.23
67.94 1.105+0.029
−0.028
0.123+0.033
−0.026
0.040+0.003
−0.003
4.48 5.93
71.36 1.064+0.017
−0.019
0.110+0.032
−0.026
0.045+0.005
−0.005
4.83 4.69
Notes:
rms: root mean square; ν0: centroid frequency; ∆: half width at half maximum; σ: significance; QPO: quasiperiodic oscillation
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Table 2. continued
day ν0;QPO2 ∆QPO2 rmsQPO2 QQPO2 σQPO2
71.42 1.105+0.015
−0.015
0.070+0.025
−0.021
0.037+0.005
−0.005
7.92 3.68
79.86 0.819+0.049
−0.017
0.050+0.088
−0.024
0.036+6.068
−0.008
8.19 2.20
83.85 0.770+0.009
−0.007
0.024+0.017
−0.012
0.035+0.006
−0.006
16.25 3.04
87.83 0.695+0.053
−0.031
0.119+0.063
−0.057
0.057+0.013
−0.020
2.91 1.42
92.63 0.838+0.019
−0.017
0.055+0.049
−0.027
0.039+0.009
−0.008
7.56 2.46
107.48 0.705+0.027
−0.017
0.046+0.038
−0.019
0.049+0.007
−0.008
7.60 3.24
108.61 0.771+0.044
−0.060
0.321+0.122
−0.113
0.106+0.017
−0.018
1.20 3.00
109.48 0.855+0.015
−0.015
0.084+0.030
−0.022
0.057+0.008
−0.008
5.10 3.81
day ν0;QPO3 ∆QPO3 rmsQPO3 QQPO3 σQPO3
26.88 0.214+0.019
−0.031
0.049+0.039
−0.023
> 0.039 2.18 1.85
34.29 1.073+0.013
−0.017
0.020+0.018
−0.017
0.019+0.004
−0.005
27.11 1.79
36.75 0.229+0.002
−0.004
0.003+0.009
−0.003
0.030+0.007
−0.007
13.01 2.23
40.90 0.352+0.024
−0.027
0.125+0.026
−0.027
0.091+0.011
−0.015
1.41 2.99
41.84 0.444+0.024
−0.044
0.091+0.052
−0.030
0.065+0.018
−0.014
2.43 2.40
51.23 0.142+0.002
−0.001
0.001+0.003
−0.001
0.025+0.005
−0.006
50.79 2.20
54.62 1.421+0.051
−0.048
0.094+0.082
−0.061
0.024+0.007
−0.008
7.55 1.48
56.50 1.061+0.016
−0.024
0.075+0.045
−0.032
0.033+0.006
−0.006
7.11 2.94
71.36 1.564+0.030
−0.070
0.108+0.123
−0.051
0.025+6.079
−0.005
7.23 2.30
109.48 0.488+0.005
−0.005
0.015+0.010
−0.007
0.037+0.006
−0.006
16.06 3.21
day ν0;QPO4 ∆QPO4 rmsQPO4 QQPO4 σQPO4
109.48 0.116+0.004
−0.000
0.000+0.006
−0.000
0.029+0.009
−0.007
10.530 2.15
Notes:
rms: root mean square; ν0: centroid frequency; ∆: half width at half maximum; σ: significance; QPO: quasiperiodic oscillation
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Table 3. Parameters of the noise components of the PDS derived from NICER data
day νmax;BLN1 rmsBLN1 νmax;BLN2 rmsBLN2 νmax;PN1 rmsPN1 QPN1 σPN1
1.58 0.3689+0.0373
−0.0479
0.334+0.0056
−0.0089
0.0179+0.002
−0.0019
0.3995+0.0132
−0.0138
2.61 0.4184+0.035
−0.0309
0.3502+0.0046
−0.0083
0.0195+0.0033
−0.0023
0.4007+0.0183
−0.0183
3.00 0.3816+0.0136
−0.0193
0.3357+0.0041
−0.0041
0.0156+0.0016
−0.0012
0.4285+0.0095
−0.013
4.03 0.4183+0.0184
−0.0352
0.3404+0.0065
−0.0037
0.0225+0.0018
−0.0028
0.3746+0.0125
−0.012
5.19 0.4921+0.0408
−0.0275
0.2952+0.007
−0.0057
0.0275+0.0028
−0.0022
0.35+0.0115
−0.011
10.39 1.3756+0.0246
−0.0237
0.1926+0.0018
−0.0014
0.0654+0.0038
−0.0039
0.2265+0.0035
−0.0065
11.99 0.0675+0.0026
−0.0025
0.2559+0.0038
−0.0036
1.5547+0.0206
−0.0203
0.1839+0.0012
−0.0012
17.34 1.5045+0.0492
−0.0247
0.1789+0.002
−0.0031
0.0931+0.0057
−0.005
0.2484+0.0063
−0.005
18.04 0.0679+0.0109
−0.0259
0.197+0.0197
−0.044
1.5501+0.0431
−0.0465
0.1911+0.0037
−0.003
19.39 0.0525+0.0233
−0.0207
0.1448+0.0314
−0.0217
1.327+0.0263
−0.0156
0.1951+0.0019
−0.0033
21.32 2.2687+0.9841
−0.3585
0.1136+0.012
−0.0348
0.1268+0.009
−0.0057
0.2519+0.0046
−0.0058
1.8760+0.1670
−0.1530
0.1077+0.0211
−0.0123
0.46 4.38
22.03 0.041+0.0159
−0.0144
0.1294+0.0256
−0.0333
1.4902+0.018
−0.0206
0.189+0.0012
−0.0006
23.32 0.1149+0.0168
−0.0862
0.1818+0.0207
−0.0532
1.6314+0.0379
−0.0494
0.1756+0.0032
−0.0019
24.02 0.1348+0.0037
−0.0068
0.2075+0.0025
−0.0043
1.972+0.038
−0.037
0.1587+0.0019
−0.0014
25.31 0.1094+0.0071
−0.0061
0.2068+0.0047
−0.0046
1.7099+0.0404
−0.0351
0.1736+0.0018
−0.002
26.28 0.1141+0.0079
−0.0074
0.2069+0.0032
−0.0070
1.6153+0.0366
−0.0356
0.1731+0.0024
−0.0021
29.76 1.5563+0.0465
−0.0453
0.174+0.0024
−0.0027
0.026+0.0362
−0.0216
0.0798+0.0172
−0.0101
30.79 1.6369+0.0415
−0.0439
0.172+0.0024
−0.0021
0.0427+0.031
−0.0184
0.0978+0.0311
−0.0281
31.05 1.7763+0.0341
−0.032
0.1702+0.0025
−0.0031
0.0785+0.0172
−0.0263
0.1638+0.019
−0.033
32.40 1.665+0.0432
−0.0358
0.1677+0.0022
−0.0022
0.0588+0.024
−0.0327
0.1229+0.0264
−0.0353
35.04 29.327+12.237
−6.1186
0.0399+0.0024
−0.0024
0.2712+0.0164
−0.0119
0.2258+0.0019
−0.0062
2.9570+0.1730
−0.2320
0.1168+0.0053
−0.0035
0.40 16.69
36.07 2.1758+0.0943
−0.0772
0.1195+0.0035
−0.0048
0.1838+0.0061
−0.0048
0.2329+0.0022
−0.0021
3.2450+0.1640
−0.1790
0.0607+0.0047
−0.0035
0.79 8.67
37.03 1.7111+0.0314
−0.0222
0.163+0.0008
−0.0019
0.0675+0.017
−0.0098
0.1395+0.0148
−0.0095
40.13 0.2346+0.0066
−0.0082
0.2406+0.0026
−0.0026
24.884+12.5801
−4.7746
0.0275+0.0019
−0.0026
3.2170+0.1240
−0.1390
0.1079+0.0027
−0.0019
0.43 28.39
41.04 0.2437+0.0074
−0.0067
0.234+0.0016
−0.003
14.961+3.7863
−2.1234
0.0315+0.0032
−0.0036
3.1790+0.1250
−0.1310
0.1061+0.0027
−0.0022
0.47 24.11
41.98 0.2511+0.0082
−0.009
0.2307+0.0028
−0.0046
16.618+3.0186
−1.5376
0.0328+0.0016
−0.0028
3.2870+0.0960
−0.1290
0.1036+0.0029
−0.0015
0.49 34.53
43.03 0.3122+0.0141
−0.0136
0.2163+0.0038
−0.0059
9.4826+5.6272
−2.3191
0.0339+0.0087
−0.0094
3.5610+0.2110
−0.2370
0.0919+0.0056
−0.0043
0.52 10.69
44.45 0.2991+0.014
−0.0128
0.2201+0.0057
−0.0038
11.124+8.3658
−5.5249
0.0248+6.0788
−0.0069
3.7560+0.2290
−0.3090
0.0928+0.0033
−0.0094
0.49 4.94
45.03 0.305+0.0109
−0.0106
0.2232+0.0036
−0.0042
11.743+4.7166
−4.6322
0.0229+6.0806
−0.0046
3.6150+0.1630
−0.2010
0.0945+0.0033
−0.0048
0.46 9.84
45.99 0.2769+0.0314
−0.1313
0.2058+0.013
−0.0557
2.6448+1.0541
−0.5797
0.094+0.0284
−0.0274
3.8780+0.4430
−0.4200
0.0584+0.0097
−0.0088
0.74 3.32
47.34 0.1462+0.1595
−0.0811
0.12+0.0513
−0.0368
1.9235+0.1877
−0.2129
0.1224+0.0082
−0.0207
4.2480+0.6760
−0.6750
0.0551+0.0121
−0.0085
0.78 3.24
49.58 0.1639+0.0502
−0.0308
0.1297+0.0169
−0.0115
2.3353+0.175
−0.2231
0.1113+0.0087
−0.0059
5.0700+0.5990
−0.5680
0.0402+0.0048
−0.0068
0.86 2.96
51.31 0.7264+0.1439
−0.0768
0.1515+0.008
−0.0134
2.5874+0.3281
−0.2215
0.0916+0.0111
−0.0108
52.23 0.1254+0.027
−0.0213
0.1322+0.0083
−0.0085
2.0576+0.1939
−0.1261
0.118+0.0049
−0.0075
5.3540+0.3990
−0.4180
0.0397+0.0044
−0.0042
0.91 4.73
53.24 0.12+0.0195
−0.0245
0.1231+0.008
−0.0093
2.1288+0.1164
−0.1524
0.1202+5.9845
−0.0043
5.7800+0.3500
−0.3390
0.0306+0.0032
−0.0026
1.32 5.88
54.27 0.4494+0.0392
−0.0531
0.1928+0.0086
−0.0205
3.0232+0.3961
−0.2158
0.0715+0.0192
−0.0134
5.7680+0.4510
−0.4310
0.04+0.0045
−0.0043
0.81 4.65
55.24 0.201+0.0314
−0.0181
0.1302+0.0082
−0.0053
2.2037+0.2105
−0.1921
0.1111+0.0061
−0.0076
6.0510+0.5420
−0.6550
0.0337+0.0055
−0.0041
0.89 4.11
56.23 0.2527+0.0592
−0.0471
0.1456+0.0151
−0.0128
2.1741+0.1248
−0.1941
0.1129+0.0074
−0.004
6.7260+0.3260
−0.3210
0.0276+0.0026
−0.0025
1.37 5.52
57.23 0.2095+0.054
−0.0322
0.1301+0.0143
−0.0099
2.8075+0.1666
−0.1763
0.0984+0.0049
−0.005
6.6680+0.4080
−0.4410
0.0255+0.0031
−0.0027
1.31 4.72
58.14 0.2502+0.0413
−0.0222
0.1256+0.0081
−0.0051
2.1598+0.2386
−0.212
0.1105+0.0045
−0.0062
7.3420+0.6600
−1.0460
0.0255+0.0031
−0.0027
1.03 2.76
59.23 0.3565+0.0373
−0.0655
0.1403+0.0075
−0.0126
2.2636+0.287
−0.2778
0.105+0.0098
−0.0072
8.2350+0.5790
−0.5730
0.0178+0.0034
−0.0028
1.97 3.18
60.19 0.2678+0.0528
−0.0449
0.1164+0.0098
−0.0087
2.0809+0.174
−0.1637
0.1176+0.0054
−0.005
8.5720+0.6360
−2.5820
0.0096+6.0939
−0.0022
5.51 2.18
61.29 0.2181+0.06
−0.0401
0.1148+0.0118
−0.0104
2.3302+0.3223
−0.3491
0.113+0.0112
−0.0111
6.7760+2.1540
−2.8760
0.0131+6.0904
−0.0077
2.00 0.85
62.25 0.435+0.0932
−0.101
0.1365+0.0255
−0.0305
1.2973+0.5399
−0.2714
0.1262+0.0241
−0.0306
7.5260+1.1470
−1.2180
0.0307+0.0059
−0.007
0.70 2.19
Notes:
rms: root mean square; νmax: characteristic frequency; σ: significance; BLN: band limited noise; PN: peaked noise
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Table 3. continued
day νmax;BLN1 rmsBLN1 νmax;BLN2 rmsBLN2 νmax;PN1 rmsPN1 QPN1 σPN1
63.28 0.573+0.1202
−0.217
0.1267+0.0288
−0.0405
1.5873+0.2493
−0.1307
0.1203+0.027
−0.0386
71.07 0.3826+0.1115
−0.0709
0.1483+5.9571
−0.0059
2.8131+0.3377
−0.313
0.0936+0.0089
−0.0088
72.23 0.2974+0.0305
−0.0225
0.1356+0.0057
−0.0058
2.3427+0.1228
−0.1301
0.1107+0.0043
−0.0037
73.20 0.2648+0.0238
−0.0291
0.1511+0.0054
−0.0073
2.3249+0.1135
−0.2369
0.1122+5.9924
−0.0037
7.4370+0.4240
−0.4220
0.0182+0.0025
−0.0023
11.82 3.96
74.23 0.2717+0.0863
−0.0527
0.1526+0.0213
−0.0166
2.5201+0.2863
−0.2938
0.1066+0.0103
−0.0073
6.2010+0.6670
−0.8120
0.0306+0.0054
−0.005
1.16 3.06
75.21 0.3734+0.0535
−0.0979
0.1936+0.0109
−0.0282
2.8001+0.4232
−0.3215
0.0891+0.0087
−0.0092
6.3070+0.6300
−0.7930
0.0314+0.0066
−0.0048
1.17 3.27
76.17 0.2167+0.0329
−0.0197
0.1605+0.0096
−0.0064
2.2066+0.305
−0.2175
0.1177+0.0067
−0.0106
5.8600+0.5410
−0.6650
0.0344+0.0068
−0.0045
1.11 3.82
77.06 0.2203+0.0378
−0.0289
0.1555+0.0108
−0.009
1.8395+0.2049
−0.1661
0.1303+0.0065
−0.0076
6.3590+0.4730
−0.5260
0.0335+0.0047
−0.0043
1.13 3.90
78.22 0.2117+0.0865
−0.055
0.1575+0.0257
−0.0214
2.062+0.3536
−0.3474
0.1284+0.0115
−0.0103
6.4400+0.9580
−1.1170
0.0298+0.0095
−0.0073
1.09 2.04
79.25 0.2418+0.0364
−0.0375
0.141+0.0095
−0.0112
2.2492+0.224
−0.1151
0.1251+0.0044
−0.0072
80.21 0.3068+0.0647
−0.0493
0.1669+0.0144
−0.0113
2.0379+0.2516
−0.2702
0.12+0.0073
−0.0112
7.5500+1.4910
−1.6450
0.0242+0.0096
−0.0079
1.00 1.53
81.24 0.2068+0.0319
−0.0175
0.1451+0.011
−0.0062
1.6626+0.2083
−0.2229
0.1396+0.0092
−0.0096
6.7950+0.9010
−1.0120
0.0298+0.008
−0.0058
1.03 2.57
82.21 0.1958+0.0322
−0.03
0.146+0.0134
−0.0179
1.0452+0.3905
−0.2547
0.155+0.0194
−0.0138
5.6490+0.7640
−0.7280
0.055+0.0087
−0.0121
0.45 2.27
83.24 0.2886+0.0645
−0.0473
0.1786+0.0158
−0.013
2.0083+0.1776
−0.1311
0.1275+0.0064
−0.011
6.7130+0.5680
−0.6630
0.0229+0.0048
−0.0039
1.81 2.94
84.20 0.2747+0.0697
−0.0714
0.1402+0.0269
−0.035
0.7962+0.1347
−0.119
0.1811+0.0214
−0.0248
6.5330+0.6250
−0.7150
0.0512+0.0056
−0.0038
0.54 6.74
85.26 0.1247+0.0207
−0.0291
0.1452+0.0086
−0.0213
1.4529+0.5258
−0.72
0.1427+0.037
−0.0227
5.6130+0.8100
−1.1910
0.0529+0.0113
−0.0149
0.64 1.78
86.19 0.1915+0.0299
−0.0195
0.1647+0.0092
−0.0075
2.4084+0.1312
−0.2542
0.1215+0.0086
−0.0054
6.1650+0.4810
−0.5510
0.0279+0.0056
−0.0038
1.44 3.67
87.35 0.214+0.0609
−0.0577
0.1586+0.0227
−0.0237
1.1643+0.358
−0.2253
0.1563+0.0143
−0.0176
5.5980+0.9400
−0.7950
0.0562+0.0075
−0.0139
0.56 2.02
88.19 0.215+0.0369
−0.0316
0.1709+0.0137
−0.0116
1.8341+0.2968
−0.2221
0.1344+0.0074
−0.0125
5.6420+0.8800
−0.9240
0.039+0.0112
−0.0084
0.84 2.32
89.28 0.1878+0.0548
−0.0296
0.1721+0.0251
−0.0184
2.2547+0.3518
−0.2639
0.1206+0.0096
−0.0139
90.26 0.1802+0.0387
−0.0359
0.1801+0.0161
−0.0186
2.0077+0.3806
−0.1903
0.1427+0.0092
−0.013
5.3710+0.5180
−0.5440
0.0361+0.0068
−0.0057
1.28 3.17
91.17 0.2896+0.0303
−0.0313
0.2185+0.0086
−0.0103
2.2201+0.1889
−0.1907
0.1227+0.0075
−0.0093
5.2990+0.6730
−0.7860
0.0396+0.0099
−0.0063
1.01 3.14
92.12 0.2341+0.0166
−0.0175
0.2224+0.0063
−0.0052
1.8951+0.1384
−0.1641
0.1339+0.0049
−0.0067
5.1490+0.7050
−0.8690
0.0456+0.0116
−0.0082
0.84 2.78
93.17 0.2355+0.0257
−0.0222
0.2093+0.0075
−0.0079
2.247+0.133
−0.1239
0.1461+0.0052
−0.0055
94.37 0.1924+0.0341
−0.02
0.2082+5.8989
−0.0064
1.8505+0.2328
−0.295
0.1401+0.0109
−0.0104
5.3500+0.6010
−0.6130
0.0443+0.009
−0.0068
0.99 3.26
95.40 0.373+0.0371
−0.0622
0.2415+0.0086
−0.0204
1.8138+0.3854
−0.4491
0.1162+0.017
−0.0169
6.1820+0.7430
−0.8070
0.0458+0.0104
−0.0079
1.11 2.90
96.24 0.1347+0.0109
−0.0113
0.194+0.0046
−0.0051
1.8929+0.1088
−0.1452
0.1501+0.0061
−0.0052
4.0080+0.9830
−0.6270
0.0463+0.0112
−0.0138
0.71 1.68
97.02 0.4663+0.0636
−0.0332
0.2581+0.0121
−0.0129
2.9996+2.0004
−1.1189
0.0909+0.0277
−0.0697
6.0600+1.7140
−2.2590
0.0391+6.0646
−0.0158
1.47 1.24
98.43 0.3163+0.0262
−0.0173
0.2664+0.0048
−0.0057
2.2892+0.1587
−0.1225
0.1337+0.0051
−0.0064
99.53 0.2593+0.0413
−0.0386
0.2556+0.0141
−0.0162
2.1261+0.2129
−0.1557
0.1483+0.0095
−0.0123
100.63 1.9196+0.1782
−0.1583
0.1638+0.0102
−0.0113
0.2024+0.0682
−0.053
0.2113+0.0296
−0.0296
101.08 0.1537+0.0317
−0.0338
0.2242+0.0172
−0.0278
2.0456+0.2834
−0.1512
0.1411+0.0072
−0.0159
4.5420+0.4720
−0.6300
0.052+0.0113
−0.0075
1.04 3.47
104.09 0.0585+0.0185
−0.017
0.128+0.0107
−0.0158
0.5299+0.0339
−0.0514
0.2323+0.0093
−0.0115
4.3950+0.3640
−0.4520
0.0807+0.0092
−0.0051
0.39 7.91
105.39 0.2608+0.0437
−0.0417
0.2084+0.0136
−0.0169
2.1415+0.1467
−0.1486
0.1397+0.0067
−0.007
108.40 1.4253+0.3806
−0.2272
0.1451+0.0189
−0.0162
0.3004+0.0419
−0.0412
0.1962+0.0125
−0.022
6.4880+0.5810
−2.1570
0.0382+6.0655
−0.0104
0.52 1.84
110.03 2.1277+0.1587
−0.1288
0.1272+0.0051
−0.0076
0.275+0.0345
−0.0296
0.1579+0.0075
−0.0076
111.75 2.5565+0.414
−0.3006
0.1142+0.0096
−0.0105
0.2919+0.0632
−0.0478
0.1341+0.0103
−0.0096
112.52 2.5154+0.3657
−0.3405
0.1004+0.0102
−0.009
0.4653+0.0689
−0.0593
0.1431+0.0093
−0.0094
113.30 1.9607+1.6233
−0.1717
0.1119+0.0131
−0.0148
0.4837+0.0918
−0.0738
0.1286+0.012
−0.0126
115.88 3.4213+6.5787
−1.1318
0.045+0.0198
−0.0261
0.5684+0.0492
−0.0651
0.085+0.0044
−0.0085
116.27 − − 2.0063+0.0899
−0.0844
0.0819+0.0015
−0.0015
116.28 − − 2.2901+0.1081
−0.099
0.0742+0.0014
−0.0014
116.28 0.6010+0.1260
−0.1000
0.0612+0.0065
−0.0068
2.8948+0.9169
−0.566
0.0515+0.0061
−0.0093
Notes:
rms: root mean square; νmax: characteristic frequency; σ: significance; BLN: band limited noise; PN: peaked noise
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Table 3. continued
day νmax;BLN1 rmsBLN1 νmax;BLN2 rmsBLN2 νmax;PN1 rmsPN1 QPN1 σPN1
116.65 1.6934+0.2662
−0.1406
0.0544+0.0031
−0.0034
5.9052+1.2312
−0.5089
0.0354+0.0028
−0.0048
116.71 1.0966+0.1637
−0.1373
0.044+0.0039
−0.0044
6.9146+2.0193
−1.077
0.0398+0.0049
−0.0045
116.72 1.2204+0.2894
−0.2113
0.0455+0.0062
−0.005
5.1461+1.7196
−0.8396
0.045+0.0037
−0.0078
116.91 1.2657+0.3836
−0.2531
0.042+0.0079
−0.0056
5.0449+1.8626
−0.7104
0.048+0.0036
−0.0089
116.91 − − 2.2086+0.3383
−0.297
0.0475+0.0025
−0.0026
198.84 6.4038+1.0588
−0.7449
0.0329+0.0008
−0.002
1.859+0.182
−0.118
0.0297+0.0014
−0.0011
199.42 0.403+0.115
−0.044
0.0641+0.0025
−0.0034
3.2843+0.4732
−0.2796
0.0556+0.0021
−0.0036
200.19 0.7844+0.0256
−0.0251
0.0802+0.001
−0.001
0.8737+0.0753
−0.1142
0.0471+0.0024
−0.0015
6.1270+0.2400
−0.2290
0.0412+0.001
−0.0011
0.72 18.73
201.16 0.7685+0.0236
−0.0253
0.1151+0.0012
−0.0013
4.963+0.224
−0.231
0.0497+0.0019
−0.0017
202.00 0.1722+0.1385
−0.1106
0.049+6.0548
−0.0294
0.6591+0.3926
−0.121
0.1123+0.0162
−0.0329
2.3220+0.1830
−0.2390
0.0451+0.0106
−0.0066
1.38 3.42
203.22 0.5945+0.041
−0.0232
0.1668+0.0017
−0.0036
3.331+0.249
−0.256
0.0721+0.0047
−0.0049
204.06 0.3589+0.0449
−0.048
0.1437+0.0104
−0.0123
1.3897+0.1519
−0.1302
0.1368+0.0108
−0.0107
212.96 0.1989+0.0445
−0.0368
0.2694+0.0151
−0.0167
2.0098+0.8189
−0.5408
0.1464+0.0193
−0.018
213.35 0.2056+0.0523
−0.0366
0.2617+0.0154
−0.0223
1.8986+0.3092
−0.2553
0.1484+0.0102
−0.0102
214.10 0.1212+0.0081
−0.0074
0.3026+0.006
−0.0065
2.0499+0.1086
−0.1088
0.1626+0.0033
−0.0031
215.13 0.0776+0.0045
−0.0041
0.2952+0.0048
−0.0048
1.6162+0.072
−0.0654
0.1812+0.0025
−0.0025
216.11 0.0832+0.0048
−0.0047
0.2971+0.0053
−0.0053
1.7704+0.0987
−0.0977
0.1786+0.0031
−0.003
217.21 0.0811+0.0065
−0.0064
0.2937+0.0084
−0.0079
1.4226+0.1172
−0.1123
0.1812+0.005
−0.0048
218.43 0.0675+0.0045
−0.0046
0.2889+0.0068
−0.0067
1.5354+0.0882
−0.0866
0.1878+0.0033
−0.0032
222.85 0.0109+0.0098
−0.0064
0.1233+0.0209
−0.0222
0.8286+0.0875
−0.0744
0.2111+0.0051
−0.0054
0.0590+0.0090
−0.0050
0.1295+0.0163
−0.0257
1.85 2.52
223.05 0.0494+0.0037
−0.0035
0.2737+0.0069
−0.0068
1.0748+0.0738
−0.0648
0.1968+0.0036
−0.0037
224.08 0.0447+0.0038
−0.0034
0.2722+0.007
−0.0069
1.0814+0.0775
−0.0665
0.1969+0.0036
−0.0038
225.04 0.0345+0.0044
−0.0037
0.2614+0.0093
−0.0103
0.8553+0.0651
−0.0594
0.199+0.0041
−0.004
226.33 0.0572+0.008
−0.0074
0.2762+0.0097
−0.0098
1.2248+0.1596
−0.1451
0.1809+0.006
−0.006
227.49 0.0494+0.0066
−0.0055
0.2315+0.0092
−0.0095
0.8993+0.1448
−0.1165
0.1809+0.0071
−0.0075
228.13 0.0299+0.0053
−0.0039
0.2544+0.0119
−0.0128
1.0578+0.1039
−0.0875
0.195+0.0048
−0.0051
229.42 0.0226+0.0062
−0.0055
0.2329+0.0194
−0.0183
0.8425+0.1721
−0.1146
0.1638+0.0065
−0.0076
230.19 0.0348+0.0039
−0.0034
0.2073+0.0069
−0.0075
0.6477+0.0693
−0.0615
0.1666+0.0041
−0.0042
231.73 0.0291+0.007
−0.0049
0.1992+0.0113
−0.0121
0.8263+0.1464
−0.1257
0.1618+0.0065
−0.007
232.06 0.0229+0.0031
−0.0027
0.1899+0.0059
−0.0064
1.3788+0.7093
−0.3668
0.1136+0.0233
−0.0213
233.09 0.0269+0.58
−0
0.1666+0.0077
−0.0081
0.549+0.0593
−0.0528
0.1516+0.0042
−0.0039
234.12 0.0214+0.0056
−0.0047
0.1266+0.008
−0.0086
0.3583+0.0471
−0.0384
0.1441+0.005
−0.0053
235.08 0.0157+0.0029
−0.0025
0.1604+0.0088
−0.0086
0.4295+0.0714
−0.0555
0.1258+0.0044
−0.0046
236.17 0.0098+0.0026
−0.0022
0.1085+0.0079
−0.0084
0.2783+0.0332
−0.0294
0.1275+0.0039
−0.004
237.27 0.0093+0.0023
−0.0019
0.1351+0.0108
−0.0115
0.3116+0.0482
−0.044
0.1068+0.0051
−0.0058
237.98 0.0043+0.0019
−0.0019
0.1288+0.0235
−0.014
0.2393+0.0663
−0.1444
0.1003+0.0155
−0.0491
0.371+0.134
−0.142
> 0.0401 0.87 1.28
239.01 < 0.0029 0.9268+0.0922
−0.5941
0.0858+0.0391
−0.0385
0.0741+0.0109
−0.0109
0.286+0.034
−0.036
0.0866+0.0099
−0.0108
0.90 4.01
240.88 < 0.0033 1.159+0.1098
−0.1243
0.1189+0.0428
−0.0491
0.0781+0.0115
−0.0173
0.255+0.038
−0.038
0.0622+0.0183
−0.0142
1.33 2.19
242.04 < 0.0021 0.9159+0.122
−0.1894
0.1383+0.024
−0.0246
0.079+0.0083
−0.0107
0.339+0.031
−0.034
0.0765+0.0082
−0.0079
1.03 4.84
243.13 < 0.0017 0.8612+0.095
−0.1875
0.1254+0.0209
−0.0221
0.071+0.0075
−0.0093
0.345+0.033
−0.035
0.0744+0.0068
−0.0066
1.06 5.64
244.49 < 0.0028 1.2171+0.1499
−0.2569
0.1028+0.0476
−0.0428
0.0608+0.0139
−0.0188
0.286+0.043
−0.054
0.0705+0.0098
−0.014
0.89 2.52
246.42 < 0.0029 0.7626+0.1262
−0.2773
0.0753+0.0324
−0.0313
0.0391+0.0089
−0.0135
0.236+0.023
−0.025
0.0548+0.0055
−0.0055
1.24 4.98
247.38 < 0.0002 0.8347+0.0956
−0.2009
0.1297+0.0693
−0.0555
0.0344+0.0091
−0.0131
0.328+0.032
−0.033
0.0464+0.0056
−0.0065
1.26 3.57
248.48 < 0.0033 0.4283+0.0315
−0.0346
0.2431+0.0463
−0.0403
0.043+0.0027
−0.0029
Notes:
rms: root mean square; νmax: characteristic frequency; σ: significance; BLN: band limited noise; PN: peaked noise
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Table 3. continued
day νmax;BLN1 rmsBLN1 νmax;BLN2 rmsBLN2 νmax;PN1/BLN3 rmsPN1/BLN3 QPN1 σPN1
250.54 < 0.0148 0.8296+0.1704
−0.3826
0.0678+0.0272
−0.0202
0.0542+0.0112
−0.0097
251.45 < 0.0499 0.4251+0.5435
−0.4251
0.019+0.0523
−0.0125
0.0525+0.036
−0.0425
252.34 < 0.0162 0.2111+0.0229
−0.1704
253.24 0.0042+0.0059
−0.0042
0.2797+1.143
−0.0948
254.20 0.1907+0.0449
−0.0336
0.1861+0.0127
−0.0136
255.83 0.0008+0.0071
−0.0002
0.9237+0.0763
−0.6264
333.97 0.0003+0.0042
−0.0001
0.9075+0.0925
−0.6842
334.29 0.0025+0.0018
−0.0012
0.3205+0.1092
−0.0675
334.99 < 0.0055 0.6623+0.2322
−0.2376
339.69 < 0.0499 1+1.6134
−1
340.92 < 0.0499 1.0916+1.2669
−1.0916
342.42 < 0.0045 0.5461+0.146
−0.4755
371.65 0.2288+0.0196
−0.0192
0.3414+0.0076
−0.0082
2.0748+0.402
−0.346
0.1559+0.0117
−0.0104
0.0078+0.0023
−0.0025
0.1908+0.0164
−0.0182
372.86 1.4345+0.1825
−0.1376
0.182+0.0127
−0.0112
0.2541+0.0608
−0.0304
0.287+0.0134
−0.0841
0.0115+0.0026
−0.0021
0.3066+0.0229
−0.0223
373.70 1.7237+0.319
−0.2555
0.173+0.0189
−0.019
0.3498+0.0813
−0.0704
0.2635+0.0112
−0.0126
0.0138+0.002
−0.002
0.3315+0.0159
−0.017
374.02 1.6061+0.1208
−0.0896
0.191+0.0054
−0.0073
0.2376+0.0215
−0.013
0.2874+0.0055
−0.0066
0.0122+0.0016
−0.0013
0.3302+0.0161
−0.014
375.24 1.6323+0.1535
−0.1287
0.1845+0.0086
−0.0092
0.2877+0.0301
−0.0224
0.2662+0.0061
−0.0078
0.0108+0.0014
−0.0012
0.3693+0.015
−0.0156
376.36 1.6353+0.1431
−0.1321
0.1778+0.0075
−0.0073
0.2446+0.0179
−0.0172
0.2773+0.0061
−0.0066
0.0114+0.0018
−0.0015
0.2707+0.0139
−0.0149
377.69 1.3417+0.1513
−0.0924
0.1944+0.0084
−0.0122
0.2429+0.0358
−0.0214
0.2629+0.0075
−0.0083
0.0159+0.0029
−0.0016
0.299+0.0123
−0.0123
378.00 1.6092+0.0914
−0.0932
0.1777+0.0056
−0.0047
0.2624+0.0121
−0.0144
0.2677+0.0041
−0.0043
0.0123+0.001
−0.001
0.2955+0.008
−0.009
379.56 1.7549+0.2539
−0.164
0.1727+0.0087
−0.0129
0.2955+0.0636
−0.0318
0.2587+0.0088
−0.0135
0.0091+0.0019
−0.0016
0.3256+0.023
−0.0201
380.01 1.5672+0.1601
−0.1336
0.17+0.0073
−0.0082
0.2634+0.0192
−0.0164
0.2736+0.0056
−0.0055
0.0101+0.0011
−0.001
0.3506+0.0129
−0.013
381.04 1.5861+0.09
−0.1044
0.1852+0.0062
−0.0047
0.2317+0.0122
−0.0171
0.2689+0.0053
−0.005
0.0102+0.001
−0.0012
0.3386+0.0136
−0.0134
382.72 1.4849+0.1785
−0.1805
0.1717+0.0122
−0.0098
0.2443+0.0241
−0.026
0.2781+0.007
−0.0091
0.0106+0.0021
−0.0014
0.3029+0.0147
−0.0185
384.79 1.8355+2.1317
−0.9534
0.1103+3.3931
−0.0612
0.4464+0.1504
−0.1254
0.2503+0.019
−0.0531
0.0187+0.0066
−0.0057
0.3919+0.0466
−0.0425
386.78 1.5316+0.5714
−0.3827
0.1935+0.0238
−0.0205
0.1793+0.0701
−0.0421
0.2518+0.0158
−0.0326
0.0037+0.0033
−0.0016
0.3548+0.0605
−0.0562
387.04 0.6547+0.1321
−0.127
0.2689+0.0156
−0.0151
394.70 1.6536+0.5469
−0.4007
0.1165+0.012
−0.0122
0.1603+0.0253
−0.0238
0.249+0.0143
−0.0145
0.0018+0.0032
−0.0008
0.8502+0.1498
−0.2489
395.41 1.8264+1.4197
−0.9924
0.1534+0.036
−0.0229
0.1998+0.0752
−0.0928
0.2215+0.0128
−0.0253
0.0065+0.0037
−0.0036
0.2488+0.0339
−0.0351
395.99 0.6836+0.1197
−0.0871
0.1932+0.0101
−0.0115
0.0811+0.0187
−0.015
0.2146+0.0145
−0.0144
0.0022+0.0026
−0.0017
0.3249+0.3934
−0.0921
398.70 0.5621+0.1341
−0.0989
0.2239+0.0132
−0.0208
0.0742+0.6216
−0.0253
0.1846+0.0246
−0.0302
0.0031+0.0028
−0.0026
0.4263+0.5737
−0.0905
399.73 0.7491+0.1335
−0.0964
0.1811+0.0086
−0.0101
0.0847+0.0184
−0.014
0.2319+0.0129
−0.0131
0.0059+0.0019
−0.0019
0.3036+0.0229
−0.0211
400.00 0.583+0.1269
−0.1058
0.1729+0.0156
−0.0156
0.0893+0.0225
−0.0198
0.2216+0.0178
−0.0201
0.0068+0.0026
−0.0025
0.2939+0.0341
−0.0332
401.73 0.5239+0.1764
−0.105
0.2005+0.0158
−0.0218
0.0643+0.0411
−0.0258
0.2062+0.0279
−0.0294
0.0046+0.0034
−0.0041
0.3034+0.4035
−0.0358
403.86 0.5907+0.2344
−0.1547
0.197+0.0163
−0.0189
0.0626+0.029
−0.0163
0.2384+0.0187
−0.0226
0.0034+0.0045
−0.0029
0.2265+0.311
−0.0372
404.06 1.3559+0.6977
−0.455
0.1728+0.0183
−0.0203
0.0072+0.0031
−0.0035
0.2932+0.0763
−0.0293
0.180+0.016
−0.016
0.1523+0.016
−0.017
1.55 4.48
407.02 0.2611+0.0526
−0.0404
0.2217+0.0112
−0.0119
0.0093+0.0046
−0.0045
0.3179+0.063
−0.0387
521.63 0.264+0.061
−0.049
0.228+0.013
−0.013
522.01 0.036+0.010
−0.008
0.204+0.020
−0.023
0.197+0.074
−0.051
0.202+0.019
−0.028
1.256+0.649
−0.408
0.153+0.022
−0.027
523.05 0.002+0.605
−0.001
0.390+0.345
−0.110
0.063+0.014
−0.009
0.270+0.011
−0.018
0.511+0.088
−0.073
0.207+0.012
−0.014
524.01 0.003+0.002
−0.002
0.371+0.176
−0.045
0.109+0.021
−0.013
0.280+0.014
−0.016
0.904+0.128
−0.117
0.202+0.011
−0.010
525.05 0.007+0.002
−0.001
0.365+0.015
−0.016
0.500+0.000
−0.078
0.251+0.010
−0.014
3.957+0.978
−1.223
0.117+5.988
−0.006
526.01 0.005+0.002
−0.002
0.331+0.051
−0.042
0.126+0.012
−0.009
0.339+0.008
−0.010
1.326+0.118
−0.093
0.205+0.006
−0.007
527.05 0.010+0.002
−0.002
0.312+0.023
−0.025
0.178+0.019
−0.017
0.323+0.010
−0.011
2.247+0.266
−0.247
0.176+0.007
−0.007
Notes:
rms: root mean square; νmax: characteristic frequency; σ: significance; BLN: band limited noise; PN: peaked noise
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Table 3. continued
day νmax;BLN1 rmsBLN1 νmax;BLN2 rmsBLN2 νmax;PN1/BLN3 rmsPN1/BLN3 QPN1 σPN1
529.77 0.008+0.018
−0.007
0.214+5.896
−0.063
0.241+0.064
−0.060
0.305+0.024
−0.029
2.031+1.216
−0.748
0.145+0.033
−0.035
531.59 0.017+0.008
−0.006
0.269+0.038
−0.049
0.291+0.137
−0.106
0.248+0.038
−0.064
1.096+0.445
−0.275
0.225+0.047
−0.055
532.75 0.011+0.006
−0.004
0.309+0.056
−0.045
0.273+0.045
−0.034
0.329+0.013
−0.015
2.702+2.299
−1.312
0.112+0.035
−0.031
533.01 0.008+0.002
−0.002
0.325+0.027
−0.026
0.216+0.038
−0.031
0.287+0.012
−0.014
1.732+0.355
−0.292
0.183+0.014
−0.014
534.87 0.024+0.427
−0.010
0.246+0.029
−0.031
0.282+0.168
−0.063
0.296+0.017
−0.016
2.438+2.562
−0.758
0.159+0.024
−0.036
536.68 0.008+0.003
−0.002
0.364+0.036
−0.039
0.361+0.098
−0.094
0.263+0.018
−0.018
2.971+0.741
−0.631
0.169+0.017
−0.015
537.20 0.011+0.004
−0.003
0.291+0.024
−0.024
0.294+0.042
−0.039
0.287+0.010
−0.011
2.319+0.536
−0.425
0.158+0.014
−0.013
538.04 0.010+0.003
−0.002
0.328+0.024
−0.024
0.332+0.048
−0.043
0.308+0.010
−0.011
2.453+1.315
−0.748
0.124+0.021
−0.019
539.14 0.179+0.079
−0.116
0.290+0.018
−0.051
1.849+2.308
−1.284
> 0.122
540.04 0.009+0.002
−0.001
0.374+0.019
−0.020
0.211+0.031
−0.019
0.277+0.009
−0.011
1.320+0.197
−0.133
0.196+0.010
−0.013
541.05 0.009+0.003
−0.002
0.352+0.034
−0.034
0.251+0.063
−0.042
0.270+0.015
−0.014
1.397+0.491
−0.243
0.186+0.019
−0.027
543.45 0.004+0.004
−0.003
0.325+5.790
−0.078
0.298+0.072
−0.094
0.244+0.015
−0.030
1.939+1.212
−0.842
0.155+0.037
−0.027
544.15 0.005+0.002
−0.002
0.426+0.075
−0.055
0.284+0.045
−0.042
0.275+0.013
−0.018
1.862+0.985
−0.627
0.133+0.026
−0.025
545.18 0.005+0.004
−0.002
0.365+0.065
−0.054
0.155+0.038
−0.029
0.267+0.012
−0.014
1.342+0.282
−0.223
0.195+0.013
−0.015
546.08 0.011+0.002
−0.002
0.325+0.020
−0.019
0.146+0.042
−0.030
0.217+0.015
−0.017
0.863+0.145
−0.098
0.215+0.012
−0.016
547.20 0.005+0.004
−0.002
0.406+0.108
−0.082
0.094+0.029
−0.022
0.267+0.019
−0.023
0.762+0.158
−0.117
0.224+0.015
−0.016
548.03 0.003+0.003
−0.003
0.291+0.709
−0.067
0.105+0.046
−0.026
0.210+0.020
−0.022
0.860+0.160
−0.138
0.214+0.012
−0.016
549.71 0.003+0.003
−0.003
0.419+0.581
−0.105
0.186+0.033
−0.032
0.253+0.010
−0.012
2.211+1.365
−0.838
0.131+0.016
−0.017
550.54 0.003+0.005
−0.003
0.402+0.598
−0.134
0.172+0.085
−0.058
0.214+0.028
−0.044
1.184+0.673
−0.382
0.202+0.029
−0.030
551.57 < 0.002 0.977+0.023
−0.710
0.216+0.121
−0.061
0.195+0.018
−0.031
1.685+0.833
−0.476
0.183+0.017
−0.021
552.02 0.039+0.018
−0.012
0.254+0.033
−0.028
0.499+0.115
−0.094
0.219+0.014
−0.014
< 1.181 0.972+0.028
−0.285
Notes:
rms: root mean square; νmax: characteristic frequency; σ: significance; BLN: band limited noise; PN: peaked noise
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Table 4. Parameters of the QPOs of the PDS derived from NICER data
day ν0;QPO1 ∆QPO1 rmsQPO1 QQPO1 σQPO1
10.39 0.0344+0.0019
−0.0014
0.0026+0.0043
−0.0026
0.0644+0.0151
−0.0139
6.620 2.320
11.99 0.0397+0.0001
−0.0009
0.0000+0.0026
−0.0000
0.0491+0.0065
−0.008
7.630 3.070
18.04 0.05+0.0031
−0.0026
0.0090+0.0054
−0.0039
0.0997+0.0158
−0.0175
2.780 2.850
19.39 0.058+0
−0.0088
0.0000+0.0069
−0.0000
0.0777+0.0091
−0.0099
4.200 3.920
22.03 0.052+0.0025
−0.0028
0.0151+0.0063
−0.0055
0.1035+0.0224
−0.0184
1.720 2.810
23.32 0.0619+0.0029
−0.0026
0.0094+0.0034
−0.0037
0.099+0.0134
−0.0138
3.290 3.590
24.02 0.0597+0.0036
−0.0032
0.0172+0.0052
−0.0030
0.099+0.0055
−0.0072
1.740 6.880
25.31 0.0635+0.0032
−0.0033
0.0089+0.0082
−0.0031
0.0857+0.0126
−0.0107
3.570 4.000
26.28 0.0728+0.0046
−0.0044
0.0153+0.0060
−0.0055
0.0870+0.0077
−0.0109
2.380 3.990
26.28 0.0275+0.0005
−0.0000
0.0000+0.0016
−0.0000
0.0526+0.0068
−0.0077
8.590 3.420
29.76 0.0837+0.0038
−0.0051
0.0126+0.0085
−0.0060
0.1171+0.0214
−0.0205
3.320 2.860
30.79 0.0789+0.0058
−0.0094
0.0374+0.0187
−0.0121
0.1459+0.0291
−0.0284
1.050 2.570
31.05 0.0856+0.0034
−0.0006
0.0090+0.0114
−0.0059
0.0828+0.0143
−0.0143
4.760 2.900
32.40 0.0929+0.0045
−0.0064
0.0194+0.0135
−0.0094
0.0889+0.0228
−0.0223
2.390 1.990
35.04 0.0966+0.0033
−0.0033
0.0083+0.0074
−0.0044
0.0626+0.0095
−0.0071
5.820 4.410
36.07 0.1303+0.0011
−0.0047
0.0053+0.0063
−0.0052
0.0518+0.0069
−0.0062
12.290 4.180
37.03 0.1179+0.0026
−0.0036
0.0259+0.0074
−0.0079
0.0983+0.0125
−0.0115
2.280 4.270
40.13 0.1315+0.0031
−0.0014
0.0017+0.0075
−0.0017
0.046+0.006
−0.0077
38.680 2.990
41.04 0.1329+0.0058
−0.002
0.0049+0.0091
−0.0049
0.0454+0.0089
−0.0077
13.560 2.950
41.98 0.1351+0.0044
−0.0042
0.0140+0.0067
−0.0048
0.0588+0.0081
−0.008
4.830 3.680
43.03 0.1652+0.0079
−0.0091
0.0283+0.0166
−0.0110
0.0609+0.0123
−0.0102
2.920 2.990
44.45 0.1778+0.0082
−0.0061
0.0182+0.0103
−0.0121
0.068+0.0092
−0.0139
4.880 2.450
45.03 0.182+0.0185
−0.0094
0.0229+0.0082
−0.0092
0.0475+0.0074
−0.0072
3.970 3.300
45.99 0.1837+0.0068
−0.0055
0.0130+0.0062
−0.0057
0.0544+0.0098
−0.0076
7.070 3.580
47.34 0.1866+0.0189
−0.0158
0.0380+0.0253
−0.0330
0.0814+0.0274
−0.0238
2.460 1.710
49.58 0.2643+0.0098
−0.0086
0.0494+0.0168
−0.0119
0.0778+0.0121
−0.0113
2.680 3.440
51.31 0.2369+0.0142
−0.0138
0.1093+0.0283
−0.0190
0.11+0.013
−0.01
1.080 5.500
52.23 0.2913+0.0072
−0.0082
0.0557+0.0171
−0.0153
0.0721+0.0121
−0.01
2.610 3.610
53.24 0.2981+0.0078
−0.0092
0.0658+0.0212
−0.0128
0.0852+0.0147
−0.0087
2.270 4.900
54.27 0.327+0.0047
−0.0053
0.0267+0.0088
−0.0093
0.05+0.0046
−0.0052
6.120 4.810
55.24 0.3498+0.006
−0.0061
0.0754+0.0116
−0.0114
0.0809+0.0062
−0.0076
2.320 5.320
56.23 0.3628+0.0088
−0.0085
0.0806+0.0232
−0.0175
0.0752+0.0136
−0.0111
2.250 3.390
57.23 0.3814+0.016
−0.017
0.1257+0.0301
−0.0370
0.0855+0.0126
−0.0174
1.520 2.460
58.14 0.4037+0.0089
−0.0066
0.0700+0.0187
−0.0184
0.0681+0.0068
−0.0107
2.880 3.180
59.23 0.4569+0.0092
−0.0102
0.0680+0.0269
−0.0143
0.0617+0.0112
−0.0065
3.360 4.750
60.19 0.4845+0.0114
−0.012
0.0947+0.0209
−0.0208
0.0733+0.0078
−0.0084
2.560 4.360
61.29 0.4456+0.021
−0.0176
0.1109+0.0283
−0.0254
0.0849+0.0094
−0.0119
2.010 3.570
62.25 0.4628+0.0064
−0.0084
0.0246+0.0157
−0.0160
0.0407+0.0063
−0.0065
9.410 3.130
63.28 0.45+0.016
−0.0152
0.0613+0.0333
−0.0223
0.0628+0.0086
−0.0097
3.670 3.240
Notes:
rms: root mean square; ν0: centroid frequency; ∆: half width at half maximum; σ: significance; QPO: quasiperiodic oscillation
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Table 4. continued
day ν0;QPO1 ∆QPO1 rmsQPO1 QQPO1 σQPO1
71.07 0.4915+0.021
−0.0125
0.0383+0.0808
−0.0319
0.0374+6.0663
−0.0099
6.420 1.890
72.23 0.4984+0.0095
−0.0088
0.1042+0.0194
−0.0168
0.0659+0.0067
−0.0061
2.390 5.400
73.20 0.4238+0.0098
−0.0105
0.0838+0.0219
−0.0175
0.0602+0.0088
−0.007
2.530 4.300
74.23 0.3894+0.0255
−0.0212
0.1004+0.0552
−0.0344
0.0674+0.0227
−0.0153
1.940 2.200
75.21 0.3326+0.0296
−0.003
0.0000+0.0527
−0.0000
0.026+0.0065
−0.0068
3.160 1.910
76.17 0.3576+0.0132
−0.0107
0.0501+0.0196
−0.0203
0.056+0.0086
−0.0118
3.570 2.370
77.06 0.3491+0.0126
−0.0094
0.0619+0.0331
−0.0197
0.0618+0.0149
−0.0115
2.820 2.690
78.22 0.3676+0.0279
−0.0296
0.0991+0.0622
−0.0637
0.0761+0.0272
−0.0335
1.850 1.140
79.25 0.4292+0.0194
−0.0228
0.1309+0.0395
−0.0303
0.0756+0.0139
−0.0114
1.640 3.320
80.21 0.4154+0.0064
−0.0061
0.0250+0.0247
−0.0125
0.0468+0.0108
−0.0112
8.310 2.090
81.24 0.3996+0.0111
−0.0087
0.0738+0.0178
−0.0188
0.0755+0.007
−0.0113
2.710 3.340
82.21 0.3799+0.019
−0.0206
0.0796+0.0377
−0.0314
0.0611+0.0143
−0.0137
2.390 2.230
83.24 0.3626+0.0127
−0.0115
0.0187+0.0198
−0.0187
0.0378+0.0114
−0.0104
9.700 1.820
85.26 0.3307+0.0134
−0.0127
0.0606+0.0281
−0.0232
0.0748+0.0143
−0.0142
2.730 2.630
86.19 0.3468+0.0172
−0.0147
0.0803+0.0276
−0.0320
0.0618+0.0119
−0.0155
2.160 1.990
87.35 0.3304+0.013
−0.0285
0.0523+0.0447
−0.0244
0.0682+6.0358
−0.0171
3.160 1.990
88.19 0.3405+0.0148
−0.0129
0.0771+0.0276
−0.0280
0.0721+0.0149
−0.0168
2.210 2.150
90.26 0.3076+0.0264
−0.0274
0.1047+0.0545
−0.0467
0.0812+0.0283
−0.0238
1.470 1.710
91.17 0.287+0.0085
−0.0276
0.0051+0.0150
−0.0051
0.0349+0.0119
−0.0091
28.140 1.920
98.43 0.0616+0.0047
−0.006
0.0162+0.0097
−0.0052
0.0902+0.0149
−0.0132
1.900 3.420
100.63 0.244+0.0191
−0.0148
0.0417+0.0350
−0.0313
0.0829+0.0312
−0.0241
2.930 1.720
110.03 0.5372+0.0227
−0.0232
0.1229+0.0555
−0.0425
0.0624+0.0132
−0.0128
2.190 2.440
111.75 0.5695+0.0249
−0.03
0.1053+0.0778
−0.0598
0.0597+0.0173
−0.0165
2.700 1.810
112.52 0.6745+0.015
−0.0165
0.0759+0.0333
−0.0262
0.0525+0.0087
−0.0083
4.440 3.160
113.30 0.7355+0
−0.0312
0+0.0313
−0
0.0367+0.0046
−0.0053
11.750 3.460
115.88 1.566+0.0166
−0.0163
0.1433+0.0273
−0.0273
0.0435+0.0027
−0.003
5.460 7.250
116.27 2.0901+0.0361
−0.0625
0.1321+0.0709
−0.0522
0.0315+0.0035
−0.0034
7.910 4.630
116.28 1.9995+0.0429
−0.048
0.1711+0.0869
−0.0379
0.0341+0.0036
−0.0027
5.840 6.310
116.28 2.118+0.0258
−0.0316
0.1305+0.0425
−0.0359
0.0352+0.0025
−0.0027
8.110 6.520
116.65 2.9308+0.0137
−0.0123
0.1404+0.0168
−0.013
0.0251+0.0008
−0.0007
10.440 17.930
116.71 3.1538+0.017
−0.014
0.2406+0.0189
−0.0256
0.0261+0.001
−0.001
6.550 13.050
116.72 3.1919+0.0407
−0.0311
0.1354+0.0555
−0.0565
0.0211+0.0018
−0.0019
11.790 5.550
116.91 3.44+0.0794
−0.0766
0.2765+0.1048
−0.0794
0.0193+0.0019
−0.0019
6.220 5.080
116.91 3.9309+0.075
−0.0722
0.3029+0.107
−0.0964
0.0246+0.0025
−0.0027
6.490 4.560
198.84 7.6719+0.3759
−0.3152
1.0240+0.3730
−0.4866
0.013+0.0015
−0.0024
3.750 2.710
199.42 0.108+0.0045
−0.0071
0.0117+0.0042
−0.0039
0.0409+0.0042
−0.0046
4.620 4.450
202.00 0.5078+0.0404
−0.068
0.2388+0.1215
−0.0686
0.0644+0.0018
−0.0187
1.060 1.720
203.22 0.2753+0.0201
−0.0188
0.0282+0.0324
−0.0252
0.0288+0.0072
−0.0093
4.880 1.550
Notes:
rms: root mean square; ν0: centroid frequency; ∆: half width at half maximum; σ: significance; QPO: quasiperiodic oscillation
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Table 4. continued
day ν0;QPO1 ∆QPO1 rmsQPO1 QQPO1 σQPO1
213.35 0.0377+0.0065
−0.0055
0.0213+0.0164
−0.0102
0.1664+0.0347
−0.0358
0.880 2.320
214.10 0.0179+0.0021
−0.0019
0.0045+0.0036
−0.0022
0.0954+0.0172
−0.0179
1.990 2.660
215.13 0.1739+0
−0.0039
0.0000+0.0055
−0.0000
0.0484+0.0059
−0.0068
15.810 3.560
217.21 0.1495+0
−0.0183
0.0000+0.0094
−0.0000
0.0556+0.0104
−0.0129
7.950 2.160
218.43 0.3326+0.0029
−0.0062
0.0000+0.0164
−0.0000
0.0306+0.006
−0.0074
10.140 2.070
222.85 0.1122+0.0052
−0.0041
0.0077+0.0069
−0.0077
0.0763+0.0162
−0.0182
7.290 2.100
225.04 0.0458+0.0122
−0.0001
0.0000+0.0029
−0.0000
0.064+0.0143
−0.0173
7.970 1.850
229.42 0.1944+0.0048
−0.0146
0.0062+0.0205
−0.0062
0.0377+6.066
−0.0105
15.680 1.800
230.19 0.0336+0
−0.0011
0.0000+0.0005
−0.0000
0.0608+0.0111
−0.0136
33.610 2.240
231.73 0.2527+0.0067
−0.0106
0.0112+0.0130
−0.0112
0.0469+0.0101
−0.0108
11.280 2.170
232.06 0.3752+0.0002
−0.0355
0.0003+0.0477
−0.0002
0.0238+6.0798
−0.005
3.930 2.380
233.09 0.0214+0
−0.0028
0.0000+0.0041
−0.0000
0.0698+0.0191
−0.0119
2.590 2.930
234.12 3.57+0.4431
−0.2036
0.4466+0.4699
−0.3553
0.0476+0.0108
−0.0132
4.000 1.800
237.27 0.6027+0.0275
−0.0519
0.0477+0.0622
−0.0363
0.0338+0.0117
−0.0088
6.32 1.92
237.98 0.0482+0.0098
−0.0025
0+0.0095
−0
0.0193+0.0047
−0.0062
2.54 1.56
239.01 0.5423+0.0213
−0.0237
0.0627+0.0306
−0.0244
0.033+0.0074
−0.0068
4.32 2.43
240.88 0.4829+0.0262
−0.0253
0.0918+0.0249
−0.0225
0.0517+0.0075
−0.0085
2.63 3.04
244.49 0.4291+0.0112
−0.0091
0.0148+0.0334
−0.0148
0.026+0.0069
−0.0082
14.50 1.59
246.42 0.4962+0.0188
−0.0163
0.0654+0.0141
−0.0134
0.0336+0.0033
−0.0038
3.79 4.42
247.38 0.589+0.0257
−0.0054
0+0.0473
−0
0.0113+0.0044
−0.003
6.23 1.88
372.86 0.1666+0.0085
−0.0187
0.017+0.1189
−0.0156
> 0.0594 4.90 1.78
373.70 0.1636+0.0071
−0.0061
0.0225+0.0215
−0.0125
0.0889+0.0239
−0.0231
3.64 1.92
375.24 0.2289+0.0014
−0.0028
0.0002+0.0135
−0.0002
> 0.0501 8.48 4.41
379.56 0.1717+0.0094
−0.0068
0.0219+0.028
−0.0162
> 0.0514 3.92 1.90
380.01 3.1666+0.1226
−0.0039
0.0051+0.2332
−0.0051
> 0.0175 6.79 3.23
384.79 0.1775+0.0209
−0.0093
0.0095+0.0184
−0.0095
0.0812+0.0278
−0.0274
9.34 1.48
386.78 0.1976+0.0053
−0.0088
0.0075+0.015
−0.0075
0.0832+0.028
−0.0189
13.17 2.20
395.41 0.1312+0.0036
−0
0+0.0027
−0
0.0593+0.0116
−0.0142
24.30 2.09
398.70 0.9913+0.0237
−0.0789
0.0175+0.0516
−0.0175
0.0446+0.0148
−0.0116
28.32 1.92
399.73 1.9418+0.1731
−0.0344
0+0.0495
−0
0.0283+0.0043
−0.0051
19.61 2.77
400.00 0.9638+0.0524
−0.0514
0+0.0342
−0
0.0279+0.0058
−0.0074
14.09 1.89
404.06 0.0702+0.0115
−0
0+0.0026
−0
0.0745+0.0131
−0.0141
13.50 2.64
407.02 0.0461+0.0119
−0.0002
0.0003+0.005
−0.0003
0.0743+0.024
−0.016
76.83 2.32
524.01 0.094+0.006
−0.005
0.009+0.009
−0.009
0.076+0.022
−0.024
5.06 1.61
529.77 0.4869+0.041
−0.0144
0.0165+0.0307
−0.0165
0.0771+0.0254
−0.0295
7.93 1.31
532.75 1.336+0.048
−0.051
0.112+0.131
−0.070
0.059+0.017
−0.016
5.11 1.86
536.68 0.141+0.009
−0.009
0.030+0.022
−0.017
0.118+0.031
−0.038
2.38 1.56
537.20 0.131+0.018
−0.000
0.000+0.015
−0.000
0.052+0.010
−0.014
4.49 1.91
538.04 0.124+0.007
−0.006
0.009+0.009
−0.009
0.082+0.019
−0.027
7.11 1.51
551.57 0.045+0.003
−0.001
0.003+0.005
−0.002
0.108+0.017
−0.020
7.32 2.71
Notes:
rms: root mean square; ν0: centroid frequency; ∆: half width at half maximum; σ: significance; QPO: quasiperiodic oscillation
2018/19 outbursts ofMAXI J1820+070 31
Table 4. continued
day ν0;QPO2 ∆QPO2 rmsQPO2 QQPO2 σQPO2
10.39 0.0779+0.0103
−0.0084
0.0261+0.0087
−0.0060
0.0902+0.0096
−0.0116
1.49 3.89
18.04 0.1315+0.0119
−0.017
0.0509+0.0179
−0.0141
0.1353+0.0375
−0.0234
1.29 2.89
19.39 0.1197+0.0078
−0.0071
0.0601+0.0081
−0.0114
0.1731+0.0144
−0.0267
1.00 3.24
22.03 0.1219+0.0073
−0.0092
0.0876+0.0047
−0.0060
0.1778+0.011
−0.0139
0.70 6.40
23.32 0.1343+0.0064
−0.0039
0.011+0.0106
−0.011
0.0612+0.0216
−0.0158
6.10 1.94
24.02 0.149+0.0015
−0.0016
0.0027+0.0075
−0.0027
0.0454+0.0108
−0.0088
27.59 2.58
25.31 0.1756+0.0114
−0.0095
0.0451+0.0138
−0.0063
0.0987+0.0104
−0.0059
1.95 8.36
26.28 0.1921+0.0100
−0.0121
0.0322+0.0114
−0.0137
0.0770+0.0106
−0.0098
2.980 3.93
26.28 0.2882+0.0048
−0.0067
0.0122+0.0090
−0.0121
0.0454+0.0071
−0.0088
11.81 2.58
29.76 0.1898+0.0194
−0.021
0.1073+0.0074
−0.0099
0.1916+0.012
−0.0096
0.88 9.98
30.79 0.2108+0.0141
−0.0191
0.1066+0.0085
−0.0135
0.156+0.0141
−0.0143
0.99 5.45
31.05 0.1898+0.0114
−0.0098
0.0873+0.0164
−0.0167
0.1608+0.0207
−0.0164
1.09 4.90
32.40 0.1985+0.0127
−0.0134
0.1211+0.0108
−0.0133
0.1586+0.0105
−0.0101
0.82 7.85
35.04 0.2187+0.0061
−0.0064
0.0159+0.0177
−0.0091
0.0631+0.0094
−0.0099
6.88 3.19
36.07 0.2289+0.0053
−0
0+0.0075
−0
0.0346+0.0042
−0.0035
15.37 4.94
37.03 0.2638+0.0125
−0.0093
0.1350+0.0070
−0.0094
0.149+0.0053
−0.0068
0.98 10.96
41.04 0.2982+0.011
−0.0098
0.0496+0.0153
−0.0125
0.0619+0.0049
−0.0048
3.01 6.45
41.98 0.3499+0.0162
−0.0106
0.0632+0.0244
−0.0159
0.0576+0.0086
−0.0062
2.77 4.65
43.03 0.399+0.001
−0.0145
0.0654+0.0305
−0.0179
0.0618+0.01
−0.0066
3.05 4.68
44.45 0.3688+0.0121
−0.0099
0.0376+0.0314
−0.0188
0.0576+0.0092
−0.011
4.90 2.62
45.03 0.4184+0.0206
−0.0181
0.0983+0.0401
−0.0392
0.0602+0.0089
−0.0088
2.13 3.42
45.99 0.4478+0.0161
−0.0429
0.1119+0.0778
−0.0390
0.0757+6.0283
−0.0154
2.00 2.46
47.34 0.4325+0.0288
−0.0341
0.2215+0.0324
−0.0462
0.1386+0.015
−0.0325
0.98 2.13
49.58 0.5554+0.039
−0.0322
0.3261+0.0310
−0.0425
0.1309+0.0081
−0.0131
0.85 5.00
51.31 0.5799+0.013
−0.0118
0.0500+0.0000
−0.0121
0.0559+0.0058
−0.0057
5.80 4.90
52.23 0.585+0.0035
−0.0068
0.0177+0.0282
−0.0177
0.0388+0.0114
−0.0072
16.53 2.69
53.24 0.6352+0.014
−0.0123
0.0506+0.0282
−0.0251
0.0463+0.0182
−0.0136
6.28 1.70
54.27 0.6566+0.0087
−0.0012
0.0023+0.3071
−0.0023
0.0284+6.0751
−0.0036
1.07 3.94
55.24 0.7046+0.0108
−0.0093
0.0643+0.0261
−0.0222
0.0466+0.0113
−0.0097
5.48 2.40
56.23 0.7229+0.0091
−0.0109
0.055+0.036
−0.0267
0.0424+0.0136
−0.014
6.57 1.51
57.23 0.8079+0.0119
−0.014
0.033+0.0358
−0.033
0.0318+0.0092
−0.0083
12.24 1.92
58.14 0.8173+0.007
−0.0131
0.0193+0.0385
−0.0193
0.0251+0.0032
−0.0062
21.17 2.02
59.23 0.9484+0.0259
−0.026
0.1342+0.0382
−0.0394
0.0546+0.0093
−0.0097
3.53 2.81
60.19 1.0034+0.023
−0.0296
0.1756+0.0515
−0.0482
0.0703+0.0075
−0.0152
2.86 2.31
61.29 0.9066+0.0151
−0.0138
0.0556+0.0418
−0.0555
0.0452+0.0116
−0.0132
8.15 1.71
62.25 1.3673+0.0312
−0.0542
0.0259+0.0679
−0.0259
0.019+0.0062
−0.0042
26.40 2.26
63.28 1.2606+0.0262
−0.0013
0.0004+0.0518
−0.0004
0.0254+0.0044
−0.0051
12.17 2.49
71.07 1.1321+0.0001
−0.1158
0.0001+0.0875
−0.0001
0.0195+6.0841
−0.0072
6.47 1.35
72.23 1.0152+0.0135
−0.009
0.0448+0.0643
−0.0224
0.0292+0.011
−0.0076
11.33 1.92
73.20 0.8754+0.0164
−0.019
0.1464+0.0404
−0.0287
0.0575+0.0105
−0.0105
2.99 2.74
74.23 0.7338+0.0065
−0.0153
0.0138+0.0752
−0.0138
0.0329+6.0707
−0.0071
26.59 2.32
Notes:
rms: root mean square; ν0: centroid frequency; ∆: half width at half maximum; σ: significance; QPO: quasiperiodic oscillation
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Table 4. continued
day ν0;QPO2 ∆QPO2 rmsQPO2 QQPO2 σQPO2
75.21 0.7351+0.0002
−0.0292
0.0005+0.0423
−0.0005
0.025+0.0049
−0.0064
8.69 1.95
76.17 0.6835+0.0178
−0.0259
0.0454+0.0339
−0.0454
0.0437+0.0132
−0.0126
7.53 1.73
77.06 0.694+0.0167
−0.0379
0.0509+0.0437
−0.0382
0.0405+6.0632
−0.0104
6.82 1.95
78.22 0.7332+0.0119
−0.0173
0.0636+0.037
−0.042
0.0578+0.0123
−0.0131
5.76 2.21
79.25 0.8647+0.0203
−0.0203
0.077+0.0434
−0.043
0.0423+0.0139
−0.0153
5.61 1.38
80.21 0.859+0.027
−0.0259
0.1884+0.0674
−0.0554
0.0745+0.012
−0.0123
2.28 3.03
81.24 0.7353+0.0372
−0.0054
0.0021+0.0653
−0.0021
0.0329+6.0708
−0.0045
5.63 3.66
82.21 0.793+0.0206
−0.0161
0.1251+0.0572
−0.0356
0.0614+0.0105
−0.0112
3.17 2.74
83.24 0.7658+0.0324
−0.0356
0.2254+0.0869
−0.0866
0.083+0.0176
−0.0226
1.70 1.84
84.20 0.7351+0.0004
−0.0073
0.001+0.0206
−0.001
0.0417+0.0057
−0.0052
17.84 4.01
85.26 0.6402+0.0417
−0.0576
0.2927+0.0674
−0.1044
0.1196+0.0324
−0.0443
1.09 1.35
86.19 0.7102+0.0111
−0.0135
0.0601+0.0332
−0.0245
0.0505+0.0133
−0.0114
5.91 2.21
87.35 0.6705+0.0212
−0.0191
0.096+0.0421
−0.0295
0.0688+0.0119
−0.0096
3.49 3.58
88.19 0.6561+0.0029
−0.0015
0.0001+0.0223
−0.0001
0.0308+0.0054
−0.0043
14.71 3.58
89.28 0.4201+0.1338
−0.1016
0.4359+0.0671
−0.0793
0.1564+0.0248
−0.0373
0.48 2.10
90.26 0.5941+0.012
−0.0122
0.0628+0.0332
−0.0499
0.0663+0.0171
−0.0332
4.73 1.00
91.17 0.589+0
−0.0159
0+0.035
−0
0.0347+0.0045
−0.0056
8.41 3.10
92.12 0.6332+0.0247
−0.0244
0.2258+0.0374
−0.0325
0.1002+0.0101
−0.0093
1.40 5.39
93.17 0.5818+0.0242
−0.0157
0.0552+0.0431
−0.0287
0.0698+0.0141
−0.0164
5.27 2.13
94.37 0.5099+0.082
−0.0099
0.3548+0.0592
−0.0821
0.1315+0.0121
−0.0286
0.72 2.30
95.40 0.8429+0.07
−0.1683
0.0655+0.1827
−0.0539
0.037+6.0667
−0.0164
6.43 1.13
97.02 0.5894+0.0598
−0.0004
0.0000+0.0303
−0.0000
0.0357+0.0148
−0.016
9.71 1.12
99.53 0.612+0.021
−0.0418
0.1095+0.0850
−0.0740
0.082+0.0267
−0.0243
2.79 1.69
100.63 0.5279+0
−0.0549
0+0.0381
−0
0.0388+0.0106
−0.0126
6.93 1.54
101.08 0.4241+0.0725
−0.1181
0.3066+0.0648
−0.0493
0.153+0.0404
−0.0268
0.69 2.85
104.09 0.6291+0.1333
−0.0886
0.1391+0.1825
−0.0696
0.0465+0.0256
−0.0263
2.26 0.88
105.39 0.5981+0.0742
−0.0805
0.2975+0.0730
−0.0738
0.1106+0.0254
−0.0236
1.01 2.34
108.40 0.7514+0.0218
−0.0236
0.1365+0.0517
−0.0824
0.0732+0.0124
−0.0207
2.75 1.77
110.03 0.9933+0.0227
−0.0149
0.1334+0.0722
−0.0864
0.0607+0.0109
−0.0274
3.72 1.11
111.75 1.1019+0.0196
−0.0212
0.0626+0.0960
−0.0626
0.0447+6.059
−0.0184
8.80 1.21
112.52 1.2604+0.0157
−0.0002
0.0001+0.0569
−0.0001
0.0354+0.003
−0.0035
11.08 5.06
113.30 1.4177+0.0172
−0.0136
0.0656+0.0314
−0.0304
0.0491+0.0049
−0.0052
10.81 4.72
115.88 3.1647+0.0115
−0.0095
0.0001+0.1065
−0.0001
0.0214+0.0016
−0.0019
14.86 5.63
116.27 4.5913+0.1624
−0.1511
1.0091+0.2633
−0.1598
0.0322+0.0026
−0.0014
2.27 11.50
116.28 4.4569+0.1165
−0.1125
0.8344+0.2224
−0.1032
0.0362+0.0026
−0.0015
2.67 12.07
116.28 4.5054+0.1548
−0.1547
1.6716+0.1754
−0.1617
0.0434+0.0016
−0.0016
1.35 13.56
116.65 6.2097+0.0365
−0.0473
0.7615+0.1404
−0.066
0.0233+0.001
−0.0007
4.08 16.64
116.71 6.6636+0.0584
−0.0648
0.8791+0.1457
−0.0795
0.0248+0.0017
−0.0017
3.79 7.29
116.72 6.6416+0.0876
−0.0888
0.4181+0.1238
−0.0939
0.0189+0.0013
−0.0014
7.94 6.75
116.91 7.3358+0.1921
−0.1783
0.8682+0.2703
−0.2099
0.0177+0.0015
−0.0016
4.22 5.53
116.91 8.1444+0.2017
−0.1695
1.2557+0.4049
−0.3589
0.0243+0.0023
−0.0025
3.24 4.86
Notes:
rms: root mean square; ν0: centroid frequency; ∆: half width at half maximum; σ: significance; QPO: quasiperiodic oscillation
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Table 4. continued
day ν0;QPO2 ∆QPO2 rmsQPO2 QQPO2 σQPO2
199.42 0.1984+0.0029
−0
0.0000+0.0056
−0.0000
0.0297+0.0034
−0.0038
17.71 3.91
202.00 4.4019+0.1355
−0.1738
2.1669+0.1885
−0.1278
0.0558+0.0042
−0.0027
1.02 10.33
203.22 0.4144+0.0119
−0.0139
0.0171+0.0323
−0.0171
0.0275+0.0064
−0.0072
12.12 1.91
222.85 0.2352+0.0082
−0.008
0.0148+0.0191
−0.0139
0.0582+0.0112
−0.0128
7.95 2.27
231.73 0.0336+0
−0.006
0.0000+0.0009
−0.0000
0.0795+0.0182
−0.0239
18.85 1.66
232.06 0.04+0
−0.02
0.3058+0.1038
−0.0854
0.126+0.0157
−0.0191
0.07 3.30
233.09 0.0336+0.0053
−0
0.0000+0.0012
−0.0000
0.0369+0.0085
−0.01
13.53 1.85
239.01 1.4548+0.0739
−0.0593
0.1305+0.0852
−0.0768
0.0243+0.0043
−0.0048
5.57 2.53
244.49 1.5203+0.046
−0.0478
0.0897+0.0827
−0.0663
0.0193+0.0034
−0.0038
8.47 2.54
372.86 13.7476+0.0011
−0.2816
0.0012+0.4143
−0.0012
0.026+0.0042
−0.0046
16.59 2.83
529.77 0.8209+0.0334
−0
< 0.031 0.0623+0.0115
−0.014
13.24 2.23
532.75 2.727+0.096
−0.104
0.176+0.145
−0.125
0.051+0.014
−0.012
7.76 2.17
551.57 0.090+0.005
−0.009
0.014+0.020
−0.009
0.113+0.032
−0.021
2.26 2.64
Notes:
rms: root mean square; ν0: centroid frequency; ∆: half width at half maximum; σ: significance; QPO: quasiperiodic oscillation
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Table 5. Additional Lorentzian needed to fit QPO at higher frequency in NICER data
day ν0 ∆ rms Q σ
23.32 0.1601+0.0278
−0.0203
0.0719+0.0360
−0.0199
0.1221 ± 0.0357 1.11 1.71
24.02 0.1938+0.0156
−0.0095
0.0614+0.0087
−0.0070
0.094+0.0063
−0.0082
1.58 5.73
36.07 0.3077+0.0078
−0.0081
0.0480+0.0109
−0.0101
0.0592+0.0038
−0.0045
3.21 6.58
52.23 0.6216+0.0725
−0.0584
0.3772+0.0502
−0.0327
0.1172+0.0126
−0.0138
0.82 4.25
53.24 0.6408+0.1074
−0.0634
0.3823+0.0422
−0.0500
0.1137+0.0131
−0.0228
0.84 2.49
54.27 0.8235+0.0529
−0.0483
0.2084+0.0899
−0.0778
0.0533+0.0206
−0.0142
1.98 1.88
55.24 0.8462+0.1025
−0.0719
0.4123+0.0578
−0.0578
0.0914+0.0128
−0.0157
1.03 2.91
56.23 0.8759+0.0965
−0.0488
0.3223+0.0479
−0.0740
0.0791+0.0153
−0.0178
1.36 2.22
57.23 0.9068+0.0696
−0.0628
0.4979+0.0021
−0.0411
0.0995+0.0082
−0.0098
0.91 5.08
58.14 0.9009+0.0755
−0.0489
0.3857+0.0440
−0.0282
0.0916+0.0092
−0.0092
1.17 4.98
59.23 1.3551+0.13
−0.1574
0.3697+0.1303
−0.1454
0.0479+0.0193
−0.0136
1.83 1.76
60.19 1.5281+0.1673
−0.2735
0.3024+0.0939
−0.1191
0.0351+6.0685
−0.0121
2.53 1.45
61.29 1.1429+0.1277
−0.1117
0.4166+0.0586
−0.1300
0.0757+0.0122
−0.0185
1.37 2.05
62.25 1.0027+0.0165
−0.0189
0.08+0.031
−0.0429
0.0441+0.006
−0.0074
6.27 2.98
71.07 1.054+0.1258
−0.1551
0.49+0.149
−0.1165
0.0832+0.0194
−0.0205
1.08 2.03
73.20 1.1461+0.1468
−0.1274
0.4858+0.0142
−0.1177
0.0666+0.0127
−0.0168
1.18 1.98
74.23 0.8827+0.1007
−0.0858
0.3965+0.0606
−0.0816
0.0973+0.0154
−0.0232
1.11 2.10
75.21 0.8118+0.1116
−0.0827
0.4231+0.0769
−0.1326
0.0824+0.0293
−0.0232
0.96 1.78
76.17 0.845+0.0922
−0.072
0.3879+0.0877
−0.0626
0.0978+0.0138
−0.016
1.09 3.06
77.06 0.7786+0.1185
−0.0392
0.3156+0.0919
−0.0610
0.0891+0.0111
−0.0202
1.23 2.21
78.22 0.9912+0.0975
−0.2183
0.3374+0.1159
−0.1435
0.0719+0.0282
−0.0205
1.47 1.75
79.25 1.0562+0.1164
−0.113
0.3608+0.0982
−0.0589
0.0743+0.0179
−0.0144
1.46 2.58
80.21 1.3332+0.0676
−0.0513
0.0564+0.0605
−0.0564
0.0212+0.0068
−0.0075
11.82 1.41
81.24 0.8823+0.0844
−0.0471
0.3174+0.0642
−0.0558
0.0832+0.0111
−0.0345
1.39 1.21
82.21 1.1713+0.0432
−0.0332
0.0488+0.0398
−0.0488
0.027+0.0062
−0.0077
12.00 1.75
83.24 1.2305+0.0296
−0.1322
0.0301+0.2527
−0.0301
0.0183+6.0852
−0.0067
20.44 1.37
86.19 0.786+0.1008
−0.0846
0.4894+0.0106
−0.0872
0.1096+0.0126
−0.0178
0.80 3.08
87.35 0.9857+0.0329
−0.0625
0.0889+0.0841
−0.0889
0.0383+0.0171
−0.0142
5.54 1.35
88.19 0.8374+0.041
−0.0458
0.3152+0.0733
−0.0446
0.0902+0.0154
−0.01
1.33 4.51
90.26 0.781+0.1304
−0.2854
0.3513+0.1028
−0.0981
0.0883+6.0159
−0.0234
1.11 1.89
91.17 0.7901+0.0332
−0.0535
0.1998+0.0667
−0.0516
0.0778+0.0171
−0.0112
1.98 3.47
93.17 0.8241+0.0394
−0.0854
0.0929+0.0674
−0.0436
0.0528+0.0176
−0.0139
4.44 1.90
100.63 0.6105+0.0527
−0.0603
0.1990+0.0985
−0.0982
0.1085+0.0263
−0.0308
1.53 1.76
108.40 1.1307+0.008
−0.034
0.0075+0.1871
−0.0075
0.0247+6.0788
−0.0048
75.38 2.57
110.03 1.4498+0.0919
−0.337
0.2235+0.1883
−0.1108
0.0401+6.0636
−0.0109
3.24 1.84
111.75 1.2115+0.4052
−0.1405
0.4661+0.1437
−0.1054
0.0801+0.021
−0.0339
1.30 1.18
112.52 1.6228+0.0788
−0.1006
0.3740+0.1396
−0.1131
0.053+0.0108
−0.0093
2.17 2.85
113.30 2.8654+0.0256
−0.1812
0.0007+0.2753
−0.0007
0.013+6.0905
−0.0036
5.20 1.81
115.88 3.5171+0.1379
−0.2965
1.9747+0.2156
−0.2226
0.0536+0.0115
−0.0089
0.89 3.01
Notes:
rms: root mean square; ν0: centroid frequency; ∆: half width at half maximum; σ: significance; QPO: quasiperiodic oscillation
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Table 6. Additional QPOs or peaked noise features
day ν0 ∆ rms Q σ
85.26 0.1312+0.0011
−0.0056
< 0.0138 0.032+0.0103
−0.0066
4.75 2.42
93.17 1.4008+0.0076
−0.0142
< 0.0556 0.0241+0.0036
−0.0043
12.59 2.80
96.24 0.5+0.0183
−0.0225
0.3001+0.0152
−0.0126
0.1524+0.0031
−0.003
0.83 25.40
116.65 0.5009+0.0252
−0.0306
0.372+0.0814
−0.054
0.0328+0.0043
−0.0034
3.08 4.82
116.71 0.6799+0.043
−0.0604
0.3278+0.0858
−0.0679
0.0263+0.004
−0.0035
3.96 3.76
525.05 0.087+0.006
−0.006
0.063+0.007
−0.014
0.215+0.007
−0.020
0.69 5.29
Notes:
rms: root mean square; ν0: centroid frequency; ∆: half width at half maximum; σ: significance; QPO: quasiperiodic oscillation
